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Abt.  L — 2%d  Solar  Corona^  an  instance  of  the  Newtonian 
PoterUial  Function  in  the  case  of  RepuUion  /  by  Professor 
Frank  H.  Bigelow. 

[Read  before  the  National  Academy  of  Sciences,  Washington,  April,  1891.     Com- 
municated to  the  Academy  by  Professor  Simon  Newcomb.] 

The  term  Newtonian  Potential  Function,  first  employed  by 
Neamanii,  is  now  generally  accepted  by  writers  on  scientific 
subjects.  It  expresses  the  law  of  the  attraction  or  the  repul- 
sion, as  the  case  may  be,  of  the  action  of  all  the  material  sub- 
stance in  the  universe,  the  discrete  parts  acting  mutually  upon 
one  another.  The  approximate  value  of  the  attraction  between 
any  two  rigid  bodies  may  be  obtained  by  assuming  that  every 
particle  of  the  one  body  attracts  every  particle  of  the  other 
with  a  force  directly  proportional  to  the  product  of  the  masses 
of  each  pair  of  particles,  and  inversely  proportional  to  the 
square  of  the  distance  between  their  centers.  The  true  value 
is  the  limit  approached  as  the  bodies  are  subdivided  indefi- 
nitely. From  this  case  follows  the  whole  subject  treated  as 
the  attraction  of  gravitation.  If  we  substitute  in  the  defini- 
tion the  word  repulsion  we  derive  the  expression  of  the  second 
case,  and  many  of  the  formulae  in  the  mathematical  discussion 
can  be  interchanged  between  the  two  cases  by  a  proper  use  of 
the  plus  and  minus  signs.  Electricity  and  magnetism  depend 
upon  this  function  for  their  analysis. 

The  mystery  underlying  the  physical  condition  of  matter  is 
as  yet  insoluble  either  by  metaphysical  speculation  or  by  scien- 
tific investigation,  but  it  is  significant  that  this  Newtonian 
Potential  Junction,  using  both  algebraic  signs,  should  reach 
to  all  the  phenomena  known  to  us  up  to  this  time.     While  I 
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cannot  jastify  the  idea,  the  suspicion  keeps  forcing  itself  upon 
my  mind  that  matter  somehow,  that  is  to  say  by  change  of 
conditions  or  environment,  can  be  made  to  pass  from  the  posi- 
tive to  the  negative  form  of  the  function  and  back  again.  We 
may  yet  discover  tliat  this  is  illustrated  by  the  sun,  when  we 
get  to  the  bottom  of  its  mysterious  nature.  At  present  I  am 
concerned  simply  with  identifying  the  Solar  Corona  with  the 
manifestation  of  the  Newtonian  Potential  Function  in  the  caae 
of  repulsion. 

Whenever  the  particles  of  a  body,  not  undergoing  rotation, 
are  free  to  move  among  themselves,  the  body  assumes  a  spheri- 
cal figure  about  a  center.  This  figure  is  modified  by  the  rota- 
tion of  the  body.  If  in  connection  with  such  a  spherical  body 
there  be  present  other  material  conforming  to  the  case  of  repnl- 
flion,  the  Dody  is  polarized  along  an  axis,  and  the  lines  of  force 
are  parallel  to  the  axis  of  polarization  within  the  body,  hecome 
discontinuous  at  the  surface,  and  oti  leaving  the  surface  form 
curves  whose  locus  can  be  expressed  by  the  formula 
t|jr  sin'tf 
~T  ■  T~' 
where  N  is  the  given  line  {r .  d)  the  polar  coordinates  of  points 
measured  from  the  axis  of  polarization  and  the  center.  We 
are  not  now  discussing  either  the  interior  or  the  surface  condi- 
tions, and  in  the  case  of  the  potential  outside  the  sun  we  may 
believe  that  we  have  a  nearly  ideal  distribution,  on  account  of 
the  prevailing  conditions  of  freedom  of  motion. 

In    the  corona  streamers,  as  displayed  by  the  photo^rraphs, 
we  must  lumeiiiljer  tJuU  tlte  curves  arising  from  the  equatiou 
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less  than  two  degrees,  and  this  bad  bnt  little  influence  upon  the 
traces  of  the  curves  themselves.  The  second  point,  namely, 
that  the  center  of  polarization  coincided  with  the  center  of  the 
sun  was  more  inaccurate,  and  this  was  shown  by  the  fact  that 
in  computing  the  angle  through  which  the  plane  containing 
a  given  ray  must  be  turned  about  the  axis  of  polarization  to 
produce  the  curve  as  it  appeared  on  the  photograph,  it  was 
found  that  this  angle  progressed  in  value  for  points  of  the 
curve,  as  we  passed  from  the  surface  of  the  sun  to  its  extrem* 
ity.  This  angle  was  however  checked  at  the  following  step  in 
the  computation,  by  which  each  measured  point  on  the  ray 
gives  the  polar  distance  0^  at  which  the  ray  under  discussion 
springs  from  the  surface  of  the  sun.  We  propose  to  rediscuss 
tnis  question,  in  a  second  approximation,  at  some  future  time. 
The  upshot  of  the  whole  matter  is  that  of  all  the  curves  that 
theoretically  exist  in  space,  as  surrounding  a  polarized  sphere, 
only  such  occur  in  the  corona  as  spring  from  a  belt  lying 
generally  between  the  parallels  of  coronal  polar  distance  25° 
to  40°  in  each  hemisphere  of  the  sun.  I  subjoin  a  summary 
of  my  result  for  the  three  coronas.  Each  value  of  0^^  the 
polar  distance  of  the  base  of  the  ray  on  the  solar  photosphere, 
is  the  mean  of  generally  three,  sometimes  four  or  five  points 
measured  on  the  ray.  The  mutual  agreement  is  substantial 
and  convincing. 

Angular  Distance  from  the  Coronal  Pole  of  the  Base  of  the  Rats. 

C<yrona  of  July  29,  1878. 
Ray.  N.  E.  N.  W.  8.  W.  8.  B. 
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From  this  we  proceed  to  the  location  of  the  coronal  poles, 
or  the  points  on  the  surface  of  tlie  sun  at  which  the  axia  of 
polarization  pierces  it. 

The  results  are  independent  of  each  other  as  regards  differ- 
ent coronas,  and  the  two  hemispheres  are  also  independent 
for  the  same  corona. 


Nortb  Pole. 

South  Pole. 

Long. 

Ut. 

Long. 

Lai. 

July  29,  1878, 

83'    18' 

85"  12' 

186"     4' 

83"  49' 

Jan.  1,  1886, 

73     26 

8-1     25 

174     29 

66     22 

Deo.  ^2,  1889, 

36     11« 

87       0 

134     62 

86       2 

Mean  latitude. 

86     32 

86     24 

Difference  in  Longitude- 
July  29,  187»,  101°  46' 

JiUt.    1. 
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172°  59' 
173  56 
175  23 


Mean,  174°   6' 

This  will  enable  us  to  compute  the  position  of  the  center  of 
polarization  of  the  sun,  whicn  is  seen  to  be  considerably  eccen- 
tric, and  from  this  our  second  approximation  begins.  It  should 
be  mentioned  that  although  the  existing  photographs  have 
served  our  purpose,  and  given  results  more  satisiactory  than 
was  anticipated,  yet  no  pams  should  be  spared  at  approaching 
eclipses  to  produce  pictures  of  much  greater  power  than  those 
we  now  possess.  For  this  subject  already  opens  up  a  vista  of 
great  interest  in  studying  the  physical  nature  of  the  sun.* 

From  the  results  that  have  been  quoted  we  may  draw  the 
conclusion  that  th^  axis  of  polarization  seems  to  be  fixed  in  the 
body  of  the  sun,  the  difference  in  longitude  and  the  distance 
measured  on  a  great  circle  being  constant,  within  the  errors 
arising  from  the  measures,  for  epochs  extending  over  nearly 
eleven  years.  Since  the  coordinates  of  position  of  the  poles 
are  celestial,  we  have  only  to  compute  tne  periodic  time  in 
order  to  know  the  period  of  the  rotation  of  the  sun  at  a 
distance  of  4^  degrees  from  the  axis  of  figure.  It  is  de- 
sirable that  this  should  be  done,  because  the  sun-spots,  from 
which  such  a  period  is  obtained  for  the  equatorial  regions,  are 
confined  to  about  35°  in  latitude,  and  we  shall  thus  be  able  to 
pass  over  the  intervening  50°  to  the  neighborhood  of  the  solar 
poles.     I  have  obtained  tne  following  results : 

For  the  period  from  July  29,  1878  to  Jan.  1,  1889,  138  revolu- 
tions +  194°'69;  the  mean  daily  motion  is  13°'1353  in  longitude. 

For  the  period  from  July  29,  1878  to  Dec.  22,  1889,  151  revolu- 
tions +  166**68;  the  mean  daily  motion  is  13°'1312  in  longitude. 

For  the  period  from  Jan.  1,  1889  to  Dec.  22,  1889,  12  revolu- 
tions +  331°'99;  the  mean  daily  motion  is  13°M)876  in  longitude. 

As  my  conditions  are  of  equal  weight  for  each  eclipse,  a  least 
square  solution  gives  me  lor  mean  daily  motion  in  longitude 
18°-13307=788',  at  latitude  85°-5. 
This  gives  for  the 

Siderial  Period,     27**-41171  =  27'^*^"  9^  52"  52% 
Synodic  Period,     29'*-63580  =  29'**y«  15*^  15"'  33% 

in  mean  solar  time.     I  propose  the  following  formula  for  the 
rotation  period  of  the  solar  surface  at  different  latitudes,  as 

*  A  paper  contaiDing  the  details  of  the  work  by  which  these  results  were  ob- 
tained,  will  be  found  in  the  Proceedings  of  the  Astronomical  Society  of  the 
Pacific,  2^0.  17. 
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derived  from  the  mean  dailr  motion  in  looeitade  ffivea  by 
obeervatioQS  of  the  gntt-i<pot6  and  by  computation  at  the  coronu 
pole. 

X  =  8ft'2' — 76'   sin  I,    where    X    \%    the    mean    daily    motion   in 
minates  and  I  is  the  ttolar  latitude. 

Other  formula  Iiave  been  given  : 

Faye,         X  =  fl62— 186  sin'  I. 
Tis*erand,      =857'fl— 157-:t  md'  I. 
Spwrer,         =|i)]l— -203  S)D  (41°+/). 
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If  we  compute  buck  to  the  epoch  IST'^'O  we  find  the  residnalft 
in  longitude  for  tht:  three  coronas. 

Xorth  i'ole.  South  Pole. 

July  29,  1876,  — 0°9  +0''-5 


F,  //.  Bigelow — Solat*  Corona.  7 

For  giving  tlie  proper  position  to  the  model  for  any  eclipse 
this  simple  device  is  adopted.  The  circular  stand  is  placed  on 
a  sheet  of  card  board  and  two  concentric  circles  are  drawn 
upon  it  surrounding  the  base  of  the  stand.  On  the  inner  one 
the  figures  represent  the  direction  from  the  center  towards  the 
earth,  equal  to  the  sun's  longitude  of  date  +  180°.  A  mark  on 
the  stand,  drawn  by  regarding  the  inclination  of  the  axis  at 
1^  15',  and  representing  the  position  of  the  node,  is  placed  at 
the  reading  74°  on  the  circle  just  described.  For  any  eclipse 
turn  the  card  board  with  the  stand  upon  it  about  so  that  the 
reading  (0+180°)  is  between  the  observer  and  the  center. 
Furthermore  adopting  the  data  given  above  for  the  epoch 
1878  0  as  the  elements  of  predicting  the  position  of  the  poles 
of  the  corona,  a  table  has  been  constructed  for  a  series  of  cor- 
onas from  1857  to  1893.  .  On  the  second  circle  the  0°  reading 
begins  at  74°  of  the  first  circle,  and  it  is  necessary  to  rotate  the 
ball  so  that  the  North  pole  of  the  corona  shall  point  to  the 
reading  that  was  computed.  The  observer  will  then  see  the 
model  in  the  position  of  the  corona  of  the  sun,  if  the  eye  is 
placed  on  the  same  level  plane  as  that  passing  through  the  cen- 
ter of  the  ball.  The  following  table  gives  the  two  readings 
necessary  for  setting  the  model.  They  are  computed  for  the 
Greenwich  mean  time  of  conjunction  of  the  Sun  and  Moon 
for  the  several  eclipses  as  given  by  the  Nautical  Almanac. 
Observations  made  at  any  other  time  can  be  readily  corrected. 

Table  of  Coordinates  for  setting  the  Model  of  the  Corona. 
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Three  cases  are  presented  for  comparison.  Figures  1,  3,  5, 
show  the  model  placed  in  three  positions,  corresponding  to  the 
eclipses  of  Jan.  1,  1889,  August  29,  1886,  and  July  29,  1878. 
Figures  2,  4,  6,  represent  these  coronas,  as  drawn  from  the 
photographs. 
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making  the  comparison,  it  is  proper  to  bear  in  mind  a 
obyions  considerations.  The  wires  that  make  the  rays  on 
DOdel  properly  represent  only  stream  lines,  or  portions  of 
Creamers  of  the  corona.  The  curve  is  true  for  tnat  part  of 
teeuner  which  springs  from  the  sun  at  the  latitude  corre- 
ding  to  the  axis  of  the  wire.  Inasmuch  as  the  coronal 
mer  is  large  at  its  base  the  curvature  of  the  ray  must  afi^ree 
I  Hb  parts  with  the  lines  springing  from  this  region.  The 
iqiience  is  that  each  ray  spreads  out,  as  it  recedes  from  the 
to  fill  all  the  space  occupied  by  the  bounding  curves,  and 
be  ae  a  result  tne  cnrious  forms  of  the  curves  of  the  cor- 
which  are  definite  and  conform  to  this  law.  I  would  pro- 
tiiiB  as  a  sufficient  proof  of  the  truth  of  the  theory,  even 
ig  it  by  itself.  The  rays  set  into  the  model  do  not  pretend 
^present  the  lines  measured  for  any  particular  eclipse,  be- 
9  it  is  designed  to  illustrate  the  subject  only  in  a  general 
One  ought  properly  to  construct  a  model  for  each 
lae  using  the  computed  (a .  d),  the  coordinates  of  the  base 
Ml  ray.  Then  photographing  this,  a  comparison  could  be 
B  between  the  individual  lines.  The  model  does  not  show 
iebnlons,  structureless  mass  of  material,  which  was  proba- 
tiUK>wn  up  along  these  coronal  lines,  and  is  going  through 
t  transformations  in  its  return  to  the  sun.  We  miss  also 
radiant  light  which  passes  through  this  coronal  matter  and 
dinates  it,  for  the  most  part  in  radial  lines  up  to  the  region 
MB  streamers,  where  it  is  in  a  sense  shut  oflf,  thns  producing 
ifiect  of  great  equatorial  extension.  Coronal  material  may 
mnlate  along  the  equatorial  regions  for  immense  distances, 
Hien  the  ramant  lignt  streaming  through  it  would  produce 
prings  of  the  corona.  It  is  evident  that  the  quadrilateral 
IB  are  made  by  the  perspective  thickening  of  the  coronal 
as  it  passes  round  the  side  of  the  sun.  The  polar  rays  are 
individual  streamers  seen  in  projection. 
he  reproduction  of  the  eclipse  photographs  is  necessarily 
.  as  to  diminish  very  much  their  availability  as  objects  of 
parison.  This  should  in  fact  be  made  with  the  glass  nega- 
k  Still  it  is  easy  to  infer  that  there  is  an  agreement  in 
following  respects :  (1)  as  to  the  general  inclination  of  the 
Da  as  a  whole  to  the  plane  of  the  ecliptic ;  (2)  as  to  the 
ml  distribution  of  the  larger  and  the  smaller  sides,  sup- 
r&g  that  the  nebulous  matter  is  supplied  to  the  model  by 
imagination ;  (3)  as  to  the  trend  of  the  stream  lines 
rever  they  are  seen.  We  do  not  pretend  to  show  all  the 
ridnal  lines,  nor  all  the  special  solar  outbursts  in  loco,  nor 
re  pretend  to  account  for  all  the  imperfections  of  the  pho- 
ipns  or  drawings.  Those  which  are  composite,  or  wnich 
lalated,  or  which  are  inadequate,  must  take  their  chances. 
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This  comparieon  shows,  however,  that  it  is  not  the  eqnatonal 
extensions  which  are  interesting  in  this  connection,  but  chiefly 
the  individual  stream  lines  which  can  be  subjected  to  meaeurea 

Up  to  this  point  we  have  not  been  dealing  in  speculations, 
but  in  legitimate  scientific  data  and  their  results.  There  are, 
however,  two  probable  conclusions  so  apparent  that  I  will  not 
abstain  from  mentioning  them. 

If  we  regard  these  coronal  streamers  as  the  paths  along 
which  the  sun  is  throwing  off  a  portion  of  its  energy,  and 
consequently  along  which  its  material  substances  are  being 
transported,  whatever  may  be  their  physical  conditions,  we 
have  only  to  suppose  that  near  the  extremity  of  these  extremes 
these  conditions  change  by  loss  of  energy,  cooling,  condensa- 
tion, and  BO  on,  bo  that  the  repulsive  power  is  lost  and  the 
gravitation  of  the  sun  sets  in  to  take  its  place.  What  becomes 
of  this  material  that  has  been  ejected  from  high  latitudes  at 
the  surface  of  the  sun  into  high  altitudes  above  the  equatorial 
belts !  Obviously  it  must  descend  again ;  the  heavier  or  denser 
vertically,  and  as  the  model  shows,  this  will  fall  directly  over 
the  sun-Bpot  regions;  the  lighter  or  more  finely  subdivided  in 
the  ceaseless  nebulous  equatorial  min,  which  by  its  increase  of 
angular  velocity  accelerates  the  mean  daily  motion  of  the  sur- 
face of  the  sun  itself,  at  the  time  of  its  impact  with  it.  It  is  a 
great  solar  whipping  top.  Much  more  might  be  said  to  illus- 
trate these  statements,  and  yet  hut  little  can  be  added  to  tiie 
model  itself  in  enforcing  this  couclusion.  There  is  some  evi- 
dence shown  in  the  table  of  the  angle  6„  giving  the  polar  dis- 
tances of  the  base  of  the  streamers  for  the  three  eclipses,  that 
the  coronal  belt  has  a  motion  in  latitude  on  the  surface  of  the 
.  thoso  .>f  18S!J  ln-inu^  iHui-i:  llian  a  iL-^^iw  neiuvr  the   p»li 
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solution,  including  the  eccentricity  of  the  center  of  polarization^ 
the  inclination  of  the  axis  of  polarization  to  the  plane  of 
reference,  besides  such  corrections  as  may  arise  from  refraction, 
or  diffraction  or  photography.  The  importance  of  the  problem 
will  certainly  justify  us  in  trying  to  take  good  photographs  of 
the  streamers  at  the  future  eclipses. 


Art.  II. — Newtonite  and  Rectorite — tioo  new  minerals  of 
the  Kaolin\te  Group ;  by  R.  K  Brackett  and  J.  Francis 
Williams. 

[Published  by  perraission  of  the  State  Geologist  of  Arkansas.] 

The  object  of  the  following  paper  is  to  briefly  describe  two 
hydrous  silicates  of  alumina,  which  we  have  every  reason  to 
believe  have  not  before  been  observed,  and  to  call  attention  to 
the  relation  of  these  new  compounds  to  other  members  of  the 
group. 

As  is  well  known  and  generally  admitted  the  commonest 
substance  of  this  class,  kaolin,  or  when  crystallized  called 
kaolinite,  approaches  the  composition  represented  by  the  for- 
mula A1,0, .  2SiO, .  2H,0,  and  has  the  percentage  composition  : 

SiO,  46-50  A1,0.  39-57  H,0  13-93  =  100. 

Considering  half  of  the  water  basic  or  as  water  of  constitu- 
tion and  dividing  the  formula  by  two,  the  constitution  of  kao- 
linite may  be  represented  as  follows  :* 

Si— Ov^ 

As  there  is  reason  to  think  that  all  the  water  represented  in 
the  original  formula  should  be  regarded  as  water  of  constitu- 
tion, the  formula  would  become  : 

Si— OH  HO— Si,. 

^O^  ^O     / 

^  O  — ^  Al— O— Al— O^ 

or  writing  this  in  the  form  suggested  by  F.  W.  Clarke  in  his 
paper  on  the  Structure  of  the  Natural  Silicates,t  the  following 
formula  is  obtained : 

*  KaoliDite  is  thus  regarded  as  a  derivative  of  normal  silicic  acid  Si^OH)^,  anal- 
ogous to  a  similar  compouod  AlaOs  .  2Si03  .  HlLjO  meutioned  by  Remsen.  Inor- 
gaDic  rhemistry  by  Ira  Remseo.  American  Science  Series — Advanced  Course. 
New  York:   Henry  Holt  k.  Company,  1889,  p.  576. 

f  Bulletin  of  the  U.  S.  Geological  Survey,  No.  60,  Washington,  1890,  p.  16. 
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Al— SiO=H, 

"^SiO=AI. 

Either  of  these  formulas  eiiE^este  the  possibility  of  the  exist- 
ence of  other  hydrous  silicates  of  alumina  closely  related  to 
kaolinite,  and  indeed  differing  from  it  only  in  the  presence  of 
a  larger  or  smaller  proportion  of  water,  while  the  relation  of 
the  silica  to  the  alumina  remaiue  constant. 

It  is  readily  seen  that  three  other  hydrons  silicates  of 
alumina  may  be  derived  by  eliminating  one  molecule,  or  intro- 
ducing respectively  one  and  two  molecules  of  ^ater  into  the 
formula,  and  that  thus  the  following  series  would  be  formed  : 


FonnulBB. 

Parcentage  compoaitio 

A1,0, 

SiO, 

H,0 

(1 

ALO,.2SiO, 

.    H.O 

42-52 

49-99 

7-49 

(2 

AI,0..2SiO, 

.  211,0 

3fl-67 

46-50 

13-93 

(3 

AI.O. .  2SiO, 

.3iro 

36-«8 

43-47 

19-66 

(* 

AI.O. .  2SiO, 

.4H,0 

34-72 

40-82 

24-46 

Of  this  series  of  four  theoretically  possible  hydrous  siiieatee 
of  alumina  only  one,  Na  2  of  the  series,  ordinary  kaolin,  has 
been  described,  so  far  as  we  have  been  able  to  find  in  the  lit- 
erature at  our  command.  From  many  of  the  published  analyses 
of  halloysite,  this  mineral  might  be  eupposed  to  correspond 
with  No.  4  of  the  series,  but,  as  will  be  snown  below,  this  eor- 
lespondence  is  only  apparent. 

This  series  will  be  designated  as  the  Kaolinite  Series,*  and 
will  include  the  Kaolinite  Group,  wliich  was  lirat  established 
by  J.  It.   Diiiia  in  1S,'>.S+   under  (ho  name  of  tlie   HaUoysiie 
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termining  their  water  of  constitution  under  the  conditions 
mentionea  below. 

Since  kaolin  approaches  the  composition  represented  by  the 
formula  ascribed  to  it  only  when  it  has  been  dried  at  about 
110®  C,  and  from  the  facts  mentioned  below  regarding  halloy- 
site,  we  propose  to  consider  the  whole  series  as  based  upon 
analyses  of  material  dried  at  110°  C.  or  thereabouts. 

Considering  the  series  in  this  way,  at  least  one  and  probably 
two  hydrous  silicates  of  alumina  lately  analyzed  in  the  labora- 
toiy  of  the  Greological  Survey  of  Arkansas  fall  into  this  series. 
One  of  these  corresponds  to  No.  4  and  the  other  possibly  to 
No.  1  of  the  series. 

Newtonite. 

The  first  compound  which  will  be  described,  and  that  which 
suggested  the  series  given  above,  is  found  on  Sneed's  Creek  in 
the  northern  part  of  Newton  county  (16  N.,  23  W.,  section  1), 
in  the  State  of  Arkansas.  At  this  place  a  mineral  claim  was 
laid  and  a  shaft  opened  in  1889  by  Mr.  W.  S.  Allen  of  Har- 
rison, Ark.  The  rocks  of  the  region  are  for  the  most  part 
sandstones  and  shales  of  the  Barren  Coal  Measures,  while  the 
opening  itself  seems  to  penetrate  some  of  the  limestones  of  the 
Lower  Carboniferous  series.  At  a  depth  of  eight  feet  this 
form  of  kaolin  was  found  imbedded  in  a  dark  gray  clay, 
through  which  it  is  scattered  in  lumps  which  vary  from  a  few 
ounces  to  forty  pounds  in  weight.  Iron  and  a  little  manganese 
are  also  said  to  occur  in  the  opening.  Samples  of  the  material 
were  kindly  furnished  the  Geological  Survey  of  Arkansas  by 
Mr.  Allen,  the  proprietor  of  the  claim. 

On  account  of  its  occurrence  in  Newton  county  we  propose 
the  name  Newtonite  for  this,  the  fourth  member  of  the 
Kaolinite  Series. 

Newtonite  is  a  pure  white,  soft,  compact,  homogeneous  sub- 
stance, and  both  cnemical  analysis  and  microscopic  examination 
show  it  to  be  a  remarkablv  pure  substance.  It  is  infusible 
before  the  blowpipe,  and  when  in  the  form  of  a  powder  it  has 
a  specific  gravity  of  2*37.  It  is  only  slightly  attacked  by  boil- 
ing concentrated  hydrochloric  acid,  but  boiling  concentrated 
sulphuric  acid  decomposes  it  almost  completely,  with  a  separa- 
tion of  silica.  It  is  also  decomposed  by  a  boiling  saturated 
solution  of  caustic  potash  with  the  formation  of  a  compound 
insoluble  in  water  but  easily  soluble  in  cold  dilute  hydrochloric 
acid.     (See  below.) 

Quantitative  chemical  analyses  of  newtonite  gave  the  follow- 
ing results : 
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SiO 
AI.O,- 
LoBS  on 
Fe,0. 
Cab  . 

ignition 

.     38-86 
.     35-20 
.     23-69 
.       0-21 
.       0-8 1 

40-22 
35-27 
22-89 
0.21 
0-64 

MeO. 

.     trace 
1-73* 

trace 
O-Oft 

100-00 

100-85 

Water 

at  lloMls'C.  - 

_       5-53 

5-44 

If  the  imparities  be  disregarded  and  the  silica,  alumina  and 
loss  on  ignition  in  analysis  I  be  recalculated  to  100  per  cent,  and 
the  same  be  done  in  analysis  II,  after  first  bringing  the  whole 
to  100  per  cent,  the  following  figures  are  obtained : 

la.  Ila.        TheoT7  Tor  AliOt.28iO,.4H|0. 

SiO    39-76  40-88  40-82 

Al,0,  .. 38-01  35-85  34-72 

LosB  on  ignition..     24-23  23-27  24-46 


Although  this  compound  closely  resembles  ordinary  kaolin 
in  its  chemical  properties,  it  shows  thus  a  marked  diSerence 
in  composition,  by  containing  for  the  same  amount  of  silica 
and  alumina  double  the  quantity  of  water  usually  found  in 
kaolin. 

That  an  apparent  similarity  exists  between  Qewtonite  and 
balbyfiite  when  a  eumpan'soTi  is  instituted  between  tlie 
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these  analyses,  kindly  fnmished  the  information  that  the  cal- 
cnlations  are  made  on  the  air  dried  matenaZ^  and  that  in  analy- 
sis III,  8*68  per  cent  of  the  loss  on  ignition  is  given  off  at  about 
110°  C. 

If  analyses  la  and  Ila  be  calculated  to  the  air-dried  mate- 
rial the  difference  between  them  and  the  published  analyses  of 
halloysite  is  clearly  shown,  as  is  evident  from  a  consideration  of 
the  following  table : 

lb.  lib.         Halloysite. 

SiO, 36-83  37-96  39*36 

A1,0, 33-42  33-34  3635 

Loss  on  ignition 24-22  23*26  14-22 

Water  at  110*'-115°  C.   ...  5-53  5-44            8-68  (at  100°  C.) 

100-00       100-00  98-60 

If  it  be  assumed  that  the  8*68  per  cent  of  water  in  halloysite 
is  partly  hygroscopic  and  partly  water  of  crystallization,  this 
mineral  would  have  the  composition  of  kaolinite  containing 
one  molecule  of  water  of  crystallization.  Judging  from  the 
newtonite  analyses  lb  and  lib,  this  substance  would,  under 
like  circumstances,  have  one  molecule  of  water  of  crystalliza- 
tion, but  would  be  represented  by  the  formula  A1,0,  .  2SiO,  . 
4JB[,0+aq,  while  the  composition  of  halloysite  would  be  ex- 
pressed by  the  formula  A1,0,  .  2SiO, .  2H,04-aq. 

Ordinary  kaolin  usually  contains  less  than  one  per  cent  of 
loosely  combined  water.  Hydrous  silicates  of  alumina  have, 
however,  been  analyzed  in  this  laboratory,  which  have  given  off 
as  much  as  live  per  cent  of  water  at  1 10^  C,  but  which  differ 
from  ordinary  kaolin  in  no  other  respect,  and  it  is  probable 
that  differences  in  origin  and  occurrence  will  account  lor  these 
varying  amounts  of  loosely  combined  water. 

A  thin  section  of  newtonite  under  the  microscope  when 
viewed  only  with  low  powers  appears  as  a  perfectly  amorphous 
substance  but  when  magnified  to  four  or  five  hundred  diam- 
eters it  shows  that  it  is  entirely  made  up  of  minute  rhombs  or 
squares.  The  largest  of  these  are  not  more  than  0-005"'™  (ttjVtt 
of  an  inch)  on  an  edge,  while  the  smallest  appear  to  be  about 
half  that  size.  Sometimes  they  seem  to  form  perfect  squares 
but  in  the  majority  of  cases  the  acute  angles  have  values  rang- 
ing from  88°  to  89°,  as  nearly  as  could  be  measured.  There 
ap|>ear  between  these  minute  figures  blank  spaces  where  noth- 
ing,can  at  first  be  seen,  but  by  sinking  the  microscope  tube 
somewhat,  so  as  to  focus  a  little  lower  down,  an  entirely  new 
set  of  rhombs  is  discovered,  while  those  above  go  out  of  focus. 
At  first  sight  all  the  rhombs  appear  as  squares  and  show  small 
indistinct  lines  running  from  their  corners  toward  the  center, 
giving  the  appearance  of  the  hopper-shaped  crystals  of  salt. 
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In  addition  to  this  (here  u  s  white  rim  aboat  the  edges  which 
^ves  thom  the  appearance  of  being  higher  than  the  rest  of  the 
surface.  The  cauee  of  this  is.  however,  not  doe  to  aaj  mark- 
ing or  relief  on  the  gnrface  bnt  probablr  to  internal  reflec- 
tions whose  origin  it  is  hard  to  detect. 

In  polarized  light  the  rhombs  extinguish  sharplr  p»arallel  to 
their  diagonals,  thae  •'bowing  that  ibej  are  faces  of  eome 
aiiirtotropic  material  and  not.  af  might  be  soppoeed,  Bectioneof 
cul*e«  which  bad  been  cnt  more  or  ie*6  obliijaelT, 

If  thene  rhombs  and  s'jQares  are  ?€ctioiif  of  rhombobedrone 
then  one  wonld  expect  to  find  also  plane  triangles  correspond- 
ing to  actions  perpendicular  to  the  principal  axis.  This,  how- 
ever, is  not  the  case  and  only  in  a  verv  few  instances  have  anj 
triangular  forms  l>een  found  and  even  then  thev  are  verj*  in- 
distinct and  appear  to  be  not  in  the  npper  surface  of  the  plate 
bnt  somewhat  lower  down.  It  is  probable  that  in  making  eec- 
tions  of  this  material  the  individual  crvstals  are  not  cat,  hut 
are  either  rubbed  awa;  entirely,  or  are  left  undisturbed,  so  that 
what  are  seen  nnder  the  microscope  are  not  sections  but  crj'stal 
faces.  By  means  of  a  selcnite  plate  the  positions  of  the  axes 
of  greatest  and  least  elasticity  were  determined,  and  were 
found  to  lie  respectively  parallel  to  the  shorter  and  longer 
diagonals  of  the  rhomb. 

By  powdering  some  of  the  material  and  allowing  it  to  settle 
ont  from  water,  similar  rbombohedral  crystals  were  obtained. 


The  second  hydrous  silicate  of  alumina,  which  is  also  to  be 

'ed   as  new-,  is  found  In   tiie  Blue  M»»iit;iin  mining  dis- 
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ined  with  hydrous  oxide  of  iron  and  present  a  reddish-brown 
^earance.  The  sheets  tear  apart  easily  and  are  very  flexible 
\  perfectly  non-elastic.  Some  specimens  of  this  mineral 
re  been  obtained  through  the  kindness  of  Mr.  Charles  F. 
own,  of  Hot  Springs,  in  which  fine  doubly  terminated  quartz 
'stals  are  imbedded.  Some  of  the  latter  are  at  least  one  and 
lalf  inches  in  length  and  when  surrounded  by  the  rectorite 
m  very  beautiful  and  striking  specimens.  The  hardness  of 
torite  is  less  than  that  of  talc — say  0*6 — although  this  is 
Bcult  to  estimate  exactly.  When  heated  in  the  name  of  a 
nsen  burner  it  loses  water  and  becomes  brittle.  It  is  infusi- 
before  the  blowpipe.  Its  behavior  when  treated  with  sul- 
iiric  acid  and  caustic  potash  will  be  explained  below. 
Two  quantitative  chemical  analyses  gave  the  following  per- 
itage  composition  calculated  on  the  material  dried  at  110°  C. : 

V.  VI. 

SiO, 52-72  52-88 

ALO, 36-60  35-51 

CaO 
MgO 


K,0 

Na.O 


0-25  0-25 

0-45  0-45 


>     once  determined      -^       0-51  0-51 

0-26  0-26 

2-83  2-83 

Loss  on  ignition 7-76  7*72 

Total 101-38  100-41 

Waterat  110^  C 8-78  8-33 

i  these  analyses  be  brought  to  100  per  cent,  then  all  save 
ca,  alumina,  and  loss  on  ignition  be  disregarded  and  the 
ilyses  again  calculated  to  100  per  cent,  the  following  figures 
alt: 

Theoretical  for 
Ya.  Via.        AlaC .  2SiO, .  H,0. 

SiO, 54-32  55-01  49-99 

A1,0, 37-69  36-96  42*52 

Loss  on  ignition 7-99  8-03  7  49 

100-00  10000  100-00 

i  the  calculations  be  made  on  the  air-dried  material  the 

lowing  figures  are  obtained  : 

vib. 

SiO, 50-18 

A1,0, -- 33-72 

Loss  on  isrnition 7-32 


'O 


Water  at  110*^-115°  C 8-78 


100-00 
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If  the  water  given  off  at  110°-115°  0.  be  regarded  mainly 
as  water  of  crystallization  it  is  evident  that  it  correepondB  to 
one  molecule,  and  the  compound  would  have  the  formula, 
AIX),  .  2SiO, .  H,0+aq. 

Under  the  microscope  a  cleavage  plate  usually  shows  a  few 
spots  where  it  is  evident  that  only  one  plate  is  included  in  the 
thickness,  while  the  most  of  the  section  is  made  up  of  two  or 
more  plates  lying  one  over  another.  In  the  single  plate  there 
is  one  comparatively  distinct  system  of  parallel  lines  in  the 
direction  of  which  a  sharp  extinction  takes  place.  There  ie 
usually  also  a  much  less  distinct  system  of  lines  which  lie  at 
nearly  right  angles  to  the  first*  In  the  thicker  portions  of 
the  plate  two  or  more  such  pairs  of  line  ^sterns  are  often 
found  superimposed  one  upon  the  other.  In  such  cases  the 
extinction  parallel  to  either  system  ie  very  indistinct. 

The  index  of  refraction  is  low — lower  than  that  of  Canada 
balsam — and  the  peculiar  structure  of  the  plates  gives  to  the 
thin  section,  especially  when  viewed  witliout  the  microscope,  a 
peculiar  undulating  and  glistening  appearance. 

In  convergent  polarized  light,  tlie  simple  plates  show  a  strong 
double  refraction,  and  give  very  beautiful  biaxial  inteifei-ence 
figures.  The  acute  bisectrix  appears  to  stand  perpendicular  to 
the  cleavage  plancf  The  angle  between  the  hyperbolas  varies 
much  in  size,  in  some  cases  being  not  more  than  5",  and 
in  others  approaching  nearer  to  15°  or  20°.  The  rings  about 
the  axes  join  each  other  forming  ellipses  so  that  the  deteruiina- 
tion  of  the  dispersion  of  the  axes  and  bisectrix  is  uncertain. 
It  appears,  however,  as  if  the  angle  for  red  ' 
that  for  Mt.c.  ;->y.      ' 
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analyses  so  that  the  discrepancy  between  them  and  the  cal- 
culated formula  may  well  be  ascribed  to  this  cause.  There 
was,  however,  no  mineral  detected  which  would  account  for 
the  relatively  large  amount  of  alkali  shown  by  the  analysis, 
and  it  is  possible  that  the  soda  should  be  considered  as  replac- 
ing some  of  the  water  and  be  brought  into  the  formula.  Fur- 
ther investigation  will  probably  throw  some  light  on  this  point. 
In  view  of  the  relatively  large  quantities  of  quartz  of  both 
macroscopic  and  microscopic  dimensions,  which  have  been 
ol)8erved  intermixed  with  the  rectorite,  it  may  be  allowable  to 
consider  the  excess  of  silica  found  in  the  analyses  as  due  prin- 
cipally to  this  cause.  By  recalculating  the  analysis  after  de- 
ducting just  enough  silica  to  bring  that  constituent  down  to 
the  theoretical  amount,  the  following  percentages  are  obtained : 


SiO, 

AlA 

H.0 

Vc. 

49-99 

41-26 

8-75 

Vic. 

49-99 

41-08 

8-93 

Theoretical  for 
AlaO,  .  2SiOa  .  HaO. 

49-99 

42-52 

7-49 

« v^    ..-.__-- 

Total  . .  - 

...100-00 

100-00 

100-00 

In  order  to  determine  whether  or  not  the  soda  found  in  the 
analyses  really  belonged  to  the  rectorite,  the  following  experi- 
ment was  made.  The  mineral,  in  small  flakes,  was  digested 
with  concentrated  hydrochloric  acid  for  two  hours  on  a  sand 
bath.  It  was  then  washed  and  Altered,  and  the  residue  was 
boiled  with  sodic  carbonate  in  order  to  remove  any  separated 
8ilica.  The  remaining  substance  was  then  washed  with  water, 
hydrochloric  acid,  and  again  with  water,  and  was  finally 
heated  before  the  blast  lamp.  A  portion  of  this  dried  and 
purified  material  was  then  analyzed  with  the  following  result : 

vn. 

SiO   57-10 

A1,0, 40-53 

Sum 97-63 

Impurities  (undetermined) 2-37 

Total 100-00 

It  appears  from  this  that  about  half  of  the  alkaline  impuri- 
ties were  removed,  but  that  the  silica  and  alumina  had  approx- 
imately the  same  relative  values  as  before.  If  the  theoretical 
amount  of  water  be  introduced  into  this  analysis,  and  the 
silica  be  diminished  as  in  the  preceding  case,  the  analysis  then 
expresses  very  nearly  the  theoretical  composition. 
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Man;  points  of  similarity  appear  between  rectorite  and  kao- 
linite,  but  in  view  of  the  peculiarity  of  the  form  which  it 
asBumeB,  and  on  account  of  its  chemical  composition,  it  is  prob- 
able that  it  should  be  considered  as  a  separate  mineral. 

In  coiifirinatidii  uf  tlie  aliove  opinion  the  statements  of  two 
manufacturers  of  ceramics  to  whom  specimens  of  rectorite  were 
sent  for  tiring  may  be  quoted. 

Homer  Laugblin,  Esq.,  of  East  Liverpool,  Ohio,  writes: 
"The  sample  of  what  you  call  kaolinite,  sent  me,  was  duly 
received,  and  carefully  examined  and  tested  under  fire.  Tlie 
mineral  is  neither  kaolin  nor  kaolinite,  but  just  what  it  should 
he  called  I  am  unable  to  say,  never  in  all  my  experience  hav- 
ing seen  any  mineral  of  its  kind.  Unlike  kaolin  it  will  not 
disBolve*  in  water.  It  burns  a  white  color  and  becomes  very 
vitreous  and  strong.  It  cannot  be  finished  with  a  smooth  face 
or  skin,  but  roughs  up  like  a  blotting  pad.  It  is  certainly  a 
very  interesting  and  curious  mineral,  hut  I  can  think  of  no 
use  for  it  in  ceramic  manufacture  unless  it  could,  after  careful 
experiments,  be  made  into  novel  ornamente." 

Messrs,  Olipbant  &  Company  of  the  Delaware  Pottery 
Trenton,  New  Jersey,  write :  "  Your  sample  of  kaolinite  came 
out  of  the  kiln  to-day,  and  would  say  that  we  are  unable  to 
make  any  report  upon  it  We  do  not  know  just  what  it  is, 
therefore  caimot  say  anything  about  its  quality  or  market 
value." 

It  appears  therefore  from  the  above  that  its  physical  proper- 
ties when  subjected  to  heat  do  not  correspond  to  those  of 
kaolin. 

Experiments  were  made  in  the   laboratory  on   the  relative 
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dissolved  readily  in  cold  dilute  hydrochloric  acid  in  all  cases 
except  that  of  rectorite.  In  order  to  dissolve  the  residue  from 
the  latter  it  was  necessary  to  use  much  stronger  acid  and  even 
then  the  solution  was  not  complete.  The  composition  of  this 
residue  has  not  yet  been  determined. 

From  the  foregoing  facts  and  considerations,  it  is  probable 
that  three  members  out  of  the  possible  four,  making  up  the 
above  described  series,  are  known,  and  the  present  status  of 
the   Kaolinite   Series    may   therefore  be  concisely   stated   as 

follows : 

Kaolinite  Seriks 

1.  Rectorite Al,0,*2SiO,H  O  +  aq.     Monoclinic  (?). 

2.  Kaolinite  and  members  Al,0,2Si032H,0  Monoclinic  or  0. 
of  the  Kaolinite  Group  Al,0,2SiO,2H,0+aq.  0. 

3 Al,0,2SiO,3H,0. 

4.  Ne wtonite Al,0,2SiO,4H,0+  aq.    Rhombohedral. 

In  the  case  of  other  hydrous  silicates  of  alumina,  as  well  as 
of  magnesia  and  other  bases,  similar  homologous  series  could 
be  formed,  which  would  tend  toward  a  more  systematic 
arrangement  of  the  species  than  now  exists. 

Chem.  and  Petrog.  Laboratory  of  the  Geol.  Survey  of  Arkansas,  Dec,  1890. 


Art,    III. — On  the  Intensity  of  Sound, — II     The   Energy 
used  by  Organ  Pipes  ;  by  Charles  K.  Wead. 

[Read  in  abstract  at  the  Philadelphia  meeting  of  the  American  Association,  1884.] 

In  a  former  paper*  the  case  of  a  vibrating  tuning  fork  has 
been  considered  as  an  important  example  of  sounding  bodies 
that  gradually  expend  the  store  of  energy  originally  imparted 
to  them.  We  have  now  to  consider  one  of  the  class  that  can 
store  up  little  or  no  energy,  viz :  an  organ  pipe ;  and  have 
therefore  to  determine,  not  the  rate  of  loss  as  with  the  fork 
and  piano  string,  but  the  rate  at  which  energy  is  supplied  to 
the  system  from  without.  The  experimental  problem  is  very 
simple,  and  it  seems  strange  that  it  has  not  been  completely 
worked  out. 

The  literature  of  the  subject  is  very  slight.  Lord  Ilayleigh,f 
in  an  oft-quoted  experiment,  measured  the  pressure  and  volume 
of  air  supplied  to  a  whistle  of  2740  d.  v ,  and  so  found  the 
rate  of  consumption  of  energy.  Several  years  earlier  Mr.  Bo- 
sanqnet  in  a  very  interesting  and  valuable  paper;};  discussed  the 
relative  amount  of  energy  supplied  to  the  several  pipes  of  an 

♦This  Journal,  xxvi,  177,  Sept,  1883.  J  Phil.  Mag.,  xliv,  1872. 

f  Proc.  Roj.  Soc.,  xxvi,  248. 
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Open  Diapason  stop  in  an  organ,  but  gave  no  absolute  amonnt. 
He  assumes  as  a  matter  of  general  knowledge  tbat  an  organ 
builder  furnishes  a  series  of  pipes  of  sensibly  equal  loudnese 
(and  quality)  throughout  the  scale;  he  quotes  what  he  calls 
Topfer's  law,  that  the  consumption  of  wind  by  pipes  belong- 
ing to  the  same  stop  varies  directly  as  the  length  of  the  pipe, 
and  confirms  it  approximately  by  experiments  ;  and  so  he  con- 
cludes that  the  amount  of  energy  per  second  necessary  to  pro- 
duce sounds  of  equal  loudness  under  similar  conditions  varies 
inversely  as  the  vibration  frequency.  On  the  other  hand  M. 
Allard*  makes  the  assumption  tliat  the  energy  per  second 
needed  to  maintain  a  sound  just  audible  at  a  given  distance 
varies  directly  as  the  vibration-frequency,  and  finds  a  satisfac- 
tory confirmation  of  his  views  in  the  experiments  on  the  range 
of  fog-horns  made  by  various  lighthouse  boards.  But  the  con- 
dition of  the  observer  will  be  very  different  in  the  two  cases; 
BO  they  are  scarcely  comparable. 

The  experiments  now  to  be  detailed  and  discussed  are  suffi- 
ciently numerous  and   exact  to  disprove  this  alleged  law  of 
Topfer's.  so  far  at  least  as  one  organ  is  a  fair  sample  of  all. 
They  were  performed  on  a  Hook  and  Hastings  No,  11  Oigan 
in   the  Congregational   Chnrch  of   Ann  Arbor,  Mich.:    tnis    I 
instrument  lias  two  manuals  of  58  keys  each  from  C  to  a'",  the 
great  organ  having  9  stops — the  seven  to  be  named   in  table  I,    > 
a  2f'  twelfth  and  a  3  rank  mixture.     The  pressure  of  wind    j 
was  very  exactly  3  inches  of  water,  and  the  total  capacity  of    i 
the  bellows  about  35  cubic  feet ;  this  quantity  of  wind  would 
leak  out  in  about  3  minutes. 

The  nnlv    iiK'tl)oil  of  experiment  availiiblc,  unless  one  haf 
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But  the  numbers  he  gives,  especially  for  leakage,  show  such 
wide  variations  as  to  throw  great  doubt  on  the  accuracy  of  the 
method.  Therefore  two  modifications  were  made :  first,  a 
stop-watch  indicating  eighths  of  a  second  was  used ;  and 
second,  the  movement  of  the  wind-indicator  above  the  key- 
board was  observed  through  a  space  of  5u™™ ;  to  be  sure  only 
about  one-third  of  the  wind  was  used,  but  it  is  absolutely 
necessary  to  allow  10  to  20  seconds  to  elapse  for  the  subsidence 
of  the  strong  vibrations  set  up  in  the  top  of  the  bellows  by 
the  act  of  pumping.  It  was  sometimes  found  that  though  no 
key  was  pressed  the  leakage  was  different  according  as  the  stop 
was  drawn  or  closed,  especially  with  one  of  the  pedal  stops. 

One  further  modification  of  method  was  made:  since  the 
leakage  is  more  than  the  amount  of  wind  consumed  by  any 
single  pipe,  except  a  few  of  the  largest,  the  influence  of  errors 
of  observation  was  diminished  by  combining  several  pipes  so 
that  they  might  all  sound  at  once ;  two  ways  of  doing  this 
were  tried  : 

1.  A  single  stop  was  drawn,  and  several  consecutive  white 
keys,  usually  eight,  were  held  down  by  a  loaded  block;  thus 
we  find  the  relative  consumption  of  wind  by  different  stops, 
or  by  pipes  of  the  same  stop  in  different  parts  of  the  scale. 
See  table  I. 

2.  Several  stops  were  drawn  as  in  ordinary  playing,  and  a 
single  key  held  down  by  a  wedge.  In  this  case  each  pipe  re- 
ceives less  wind  than  when  no  unison  pipe  is  near,  a  fact  long 
known  and  further  established  by  these  experiments ;  but  we 
may  still  find  the  relative  wind-supply  in  different  parts  of  the 
scales.     See  table  II  and  part  of  III. 

Most  of  the  results  of  the  work  can  be  given  best  in  tabular 
form.  In  the  tables  the  names  of  the  stops  need  no  explana- 
tion ;  where  9  stops  were  drawn  they  comprise  all  the  stops 
drawn  by  the  forte  composition  pedal,  including  the  7  named 
separately,  a  twelfth  and  a  3-rank  mixture.  The  notation  of 
the  keys  is  used  consistently  always  referring  to  the  key,  not 
the  pitch,  c'  corresponding  to  middle  (?(=268  d.  v.)  when  an  8' 
stop  is  drawn ;  it  will  therefore  be  seen  that  the  absolute  pitch 
of  all  the  notes  in  the  lower  part  of  table  I  is  the  same ;  while 
in  the  next  table  pipes  of  five  different  lengths,  besides  the 
mixtures  will  respond  to  a  single  key.  L  of  course  means 
leakage.  The  time  given  is  the  mean  of  from  3  to  8  observa- 
tions: these  agreed  so  well  that  the  probable  error  of  the 
mean  is  very  rarely  1  per  cent :  take  two  examples  at  random  ; 
Table  III  0      224,  22|,  22f ,  22| ;  mean  2266  sec. 

C-c    6|,    6|,    6f ,    6|,    6| ;  mean  6-375  sec. 
The   following   columns   contain   respectively    1-:-^,  and  this 
quantity  diminished  by  the  leakage :  this  remainder  represents 
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that  fraction  of  the  total  volume  of  wind  which  goes  to  the 
pipe :  the  total  volume  was  found  by  measuring  the  bellows 
and  the  distance  it  fell  while  the  indicator  moved  50  mm. ; 
this  was  11-9  cu.  ft =337000  cc.  (say  3-4x  lO'ccJ  with  an  uncer- 
tainty of  1  or  2  per  cent  on  account  of  the  folds :  this  uncer- 
tainty, however,  does  not  affect  the  relative  values  given  in  the 
tables,  for  it  is  an  uncertainty  in  our  knowledge,  not  in  the 
action  of  the  bellows. 


Julj  21. 


Table  II. — Ninb  Stops  Dbawk;  One  Kbt  Depressed. 
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3  4xl0»x 

34xl0»: 

X    34  X  10*  X 

per  cent. 

10«x 

L 

67-37 
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m  m  m  ^ 

C 
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0 
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D            1   1332 

•0761  1 
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•0698 

1      +         6 

+    -8 

161 

l)#           13-03 

-0767 

-0619      1 

-0573 

+      46 

4-80 

166 

K               16-26 

-0656 

-0508 

-0549 

-      41 

-7-6 

127 

F                14-66 

-0687 

•0539 

•0626 

i      +       13 

+  2^6 

136 

F  i/f           16-69 

-0637 

-0489 

-0504 

-      16 

-30 

122 

G               16-00 

•0626  : 

•0477 

-0483 

-        6 

-1-3 

119 

Kr 

16-79 

-0596 

•0448 

•0463 

-      15 

—32 

112 

A 

17-08 

•0586 

•0438 

•0443 

-        6 

-11 

110 

A#           17-21 

-0581   1 

•0433 

-0424 

+         9 

4-2-1 

108 

B                18-66 

-0536 

-0388      ! 

-0407 

-      19 

-4-7 

97 

c            1  n-68 

'0569  ' 

•0421 

-0390 

+       31 

+  8-0 

105 

L             1  67-43 

- 

Mean 

:     ±3-4 

•  ... 

Jiilj  28. 

1.    \    2. 

1 
3. 

4. 

'        8. 

1. 

2.        3. 

4. 

8. 

Key.'     t.    '  !-•-<. 

1 

V. 
c.  c. 

Energy 
ergs,  se 

Key. 

t      l-i-t. 

V. 
c.  c. 

Energy. 

1 

c 

ergs.  sec. 

1 

3-4  X  10»  X 

10«x 

3 

4x  I0*x 

10*  X 

L         77-37-0129 

1 

9  ^ 

24-29-0412 

•0286 

71 

c          ;17-870660 

•0431 

108 

.    9# 

24-37  -0410 

•0285 

71 

c^ 

18-69-0636 

•0407 

102 

i   "^ 

26  04  -0384 

•0269 

66 

d 

20-64  04871 

-0359 

90 

«# 

22  83  0438 

-0313 

78 

d^ 

21-21  -0471 

-0344 

86 

b 

27-33  -0366 

•0242 

60 

e           23-26  0430, 

-0303 

76 

c' 

26-79  -0373 

-0249 

62 

/           24-2l'-0413' 

•0286 

71 

L 

8081    0124 

•  •  •  ■ 

/# 

24-l( 

91-0416, 

•0289 

72 

1 

The  energy  is  found  by  multiplying  the  volume  by  the  pres- 
sure, which  was  15*6  lbs.  per  sq.  ft.  or  7*6  gms.  per  sq.  cm. 

.••  Total  energy- 11-9 X  15-6=186  ft.  Ib8.=2-5xl0*  ergs. 

By  this  multiply  the  fractions  in  columns  headed  V,  as  col.  6 
table  I. 
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The  numbere  in  the  column  ratio  (except  in  table  IVl  are 
found  by  dividing  the  number  against  whicli  tliey  are  plac«d 
by  the  preceding  one ;  if  Topfer's  law  were  true  these  ratios 
would  be  iov  the  octave  everywhere  '500. 


Tabt.e  III.— M18CELLAHEOCS. 
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in  a  following  column.  To  obtain  F"  in  cols.  10  and  11,  table 
I,  the  ratio  was  assnmed  as  VT. 

Observations  of  the  same  quantity  on  diflEerent  days  agree  to 
within  a  few  per  cent  (e.  g.  key  C  with  9  stops,  -0662,  '0667, 
•0681)  but  since  they  diflEer  more  than  the  probable  error  of  a 
single  day's  observations  the  results  in  the  different  tables 
should  not  be  combined  if  accurate  relative  values  are  desired, 
nor  should  results  in  the  same  table  be  combined  unless  they 
are  based  on  the  same  value  of  L.  The  data  for  table  I  were 
obtained  in  April  and  May,  1883,  and  are  not  quite  as  accurate 
as  the  data  obtained  in  July,  1884,  for  the  later  tables. 

Conclusions, — The  results  of  experiments  with  different 
stops  are  shown  in  table  I  It  is  very  clear  from  them  that  no 
exact  or  important  conclusions  can  be  drawn  from  tlie  loudness 
of  the  sound  as  to  the  relative  quantity  of  wind  reqiiired  to 
blow  pipes  of  different  construction :  thus,  the  soft  Dulciana 
takes  more  than  half  as  much  wind  as  the  comparatively  loud 
Open  Diapason  (102-^188).  Again,  the  Trumpet  stop  m  this 
organ  is  voiced  very  loud,  yet  its  pipes  require  absolutely  less 
energy  than  any  others  that  sound  the  same  note :  this  is  a  con- 
clusive proof  that  a  reed-pipe  has  a  much  higher  efficiency  as  a 
wave- producing  mechanism  than  a  flue  pipe. 

The  results  on  different  pipes  of  the  same  stop  or  of  the 
same  combination  of  stops  are  shown  in  all  the  tables  ;  in  tabje 
I  for  the  eight  notes  of  an  octave  taken  together  in  various 
parts  of  the  scale,  a  single  stop  being  drawn  ;  in  table  II  for 
each  of  the  twenty-five  notes  in  a  range  of  two  octaves,  nine 
stops  being  drawn ;  in  table  III  for  various  combinations  of 
stopa  Some  of  the  conclusions  from  these  are  very  clear,  and 
some  curious.  We  must  assume  with  Mr.  Bosanquet  that  a 
set  of  pipes  gives  us  a  series  of  sounds  of  the  same  quality  and 
of  nearly  the  same  loudness  as  judged  by  the  ear  of  an  expert, 
and  also  assume  that  all  pipes  of  the  same  stop  are  equally 
efficient  sound-producers.  Now  if  we  recall  Topfer's  law,  that 
the  consumption  of  wind  varies  inversely  as  the  length  of  the 
pipe,  we  should  expect  to  find  for  the  octave  approximately 
the  ratio  "500,  or  a  little  less,  since  the  higher  pipes  are  rela- 
tively' larger  than  the  lower  ones  and  so  must  be  relatively 
shorter.  But  not  a  single  ratio  can  be  found  in  the  tables  to 
confirm  this  view  ;  everywhere  the  ratio  is  considerably  greater 
than  '5.  The  tables  give  the  values  in  a  dozen  cases  (not  in- 
cluding the  Trumpet  stop)  and  from  table  II  a  dozen  more 
values  can  readily  be  found. 

To  some  of  the  observations  it  seemed  worth  while  to  apply 
the  method  of  least  squares  as  already  said ;  the  several  ratios 
found  for  the  octave  are  given  in  table  IV. 
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If  a  smootli  exponential  eorve  be  drawn  with  these  ratiosfor 
the  experimenta  of  table  I,  where  eight  keys  were  depressed 
at  once,  it  will  be  found  to  fall  below  the  experimental  curve 
in  the  tiret  and  third  octaves,  and  above  it  in  tLe  eecond  and 
fonrth  octaves  in  every  case  examined  ;  the  magnitude  of  the 
difference  is  shown  in  column  9  ;  but  this  alternating  deviation 
is  not  great,  and  is  probably  not  of  importance ;  it  does  not 
appear  m  table  III,  where  several  stops  are  combined. 
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The  latter  half  of  table  IV  shows  that  when  the  stops  were 
combined  as  in  ordinary  playing,  but  a  single  key  being  pressed, 
there  is  a  remarkable  constancy  in  the  value  of  the  ratio  for 
the  octave  however  it  is  determined,  and  its  value  for  the  Open 
Diapason  differs  little  from  these  latter  values.  This  constancy 
demands  an  explanation.  According  to  Topfer's  law  we  should 
have  -50  =  V^;  we  do  have  very  nearly  V"j:=  -5946  =  1  H- 
1*882.  This  1  believe  to  be  an  excellent  illustration  of  the  un 
consciona   recognition    liv  tiic   artisl  of   iln'   pliy^iciil  or  iriathe- 
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is  of  course  (^)^  =  '9576.  This  ratio  for  the  diameters  is  only 
a  mathematical  expression  of  a  mechanical  fact^  there  is  no 
theory  about  it.  Such  a  "scale"  gives  convenient  rules  in 
practice  for  laying  out  the  pipes,  and  satisfies  the  ear,  or  it 
would  not  have  lound  such  general  adoption.  In  this  organ 
Open  Diapason  &  has  an  internal  diameter  of  57  min.,  the  e  oi 
29i ;  the  JDulciana  &  of  31,  the  «"  of  15^*.  It  is  not  for  a 
moment  to  be  assumed  that  the  amount  of  wind  required  is 
directly  detei-mined  by  the  diameter  of  the  pipe ;  for  the 
organ  builder  would  point  out  that  the  shape  oi  the  mouth 
is  an  important  factor,  and  that  the  voicer  or  finisher  varies 
the  amount  of  wind  by  plugging  the  holes  through  the  feet 
of  wood  pipes,  cutting  out  or  closing  the  feet  of  metal  pipes, 
varying  tne  width  oi  the  slit  for  the  wind,  etc.,  till  his  ear  is 
satisfiea  with  the  loudness  and  quality  of  the  sound.  But  in 
the  light  of  these  experiments  we  must  conclude  that  for 
similar  pipes  the  volume  of  air  used  per  second,  and  therefore 
the  energy  expended  per  second,  varies  as  the  }-power  of  the 
wave-length  of  the  note,  or  invereely  as  the  f-power  of  the  vi- 
bration-ratio;  and  further  conclude  that  the  voicer  uncon- 
sciously strives  to  secure  this  ratio  just  as  the  tuner  uncon- 
sciously strives  to  get  the  familiar  vibration -ratios  in  the  tuning 
of  any  instrument.  It  is  to  be  remembered  that  we  cannot 
recognize  small  diflferences  of  intensity  with  much  accuracy. 
Volkman  could  always  detect  a  difference  of  25  per  cent; 
Kenz  &  Wolff  one  of  28  per  cent ;  the  latter  experimenters 

• 

*lit  Clarke's  little  book  on  "The  Pipe  Organ  "  a  simple  construction  is  given 
for  finding  the  diameters  of  intermediate  pipes  when  the  diameters  are  given  for 
two  pipes  16,  8,  4,  Ac.  semitones  apart.  At  the  ends  of  any  convenient  base  line 
AB  erect  perpendiculars  AC,  BD  proportional  to  the  given  diameters  and  join 
the  ends  C,  D :  Draw  the  two  diagonals  of  the  trapezoid  thus  formed  and  erect 
through  their  point  of  intersection  a  perpendicular  to  the  base  line.  The  part  of 
this  perpendicular  between  AB  and  CD  is  proportional  to  the  diameter  of  the  pipe 
midwHj  between  the  given  extremes.  By  continuing  the  construction  the  diame- 
ters of  the  other  pipes  will  be  obtained. 

A  little  calculation  shows  that  this  gives  a  harmonic  series,  and  if  the  first 
diameter  be  2,  and  the  seventeenth  1,  the  series  is  32 -«-  16,  17,  18  .  .  .  31,  32. 
All  of  the  intermediate  quotients  are  slightly  less  than  the  numbers  derived  from 
the  exponential  series  whose  ratio  is  the  16th  root  of  ^,  the  value  for  the  8ve 
being  if  =  '571  instead  of  '5946.  The  maximum  difference  is  about  5  per  cent — a 
quantity  entirely  negligible  to  ordinary  ears. 

If  a  series  of  pipes  were  made  on  this  harmonic  scale  and  the  quantities  of 
wind  could  be  accurately  adjusted  in  the  ratio  of  the  diameters,  an  exponential 
curve  deduced  from  experiments  on  them  would  show  an  '-alternating  deviation  " 
similar  to  that  referred  to  above.  The  sign  of  the  deviation  in  a  given  8ve  would 
depend  on  where  the  starting  point  of  the  harmonic  scale  was  taken. 

The  sum  of  8  terms  of  the  harmonic  series  corresponding  to  the  key  of  C,  the 
lowest  term  being  1,  is  5  95  :  of  the  same  terms  of  the  exponential  series  6*19; 
of  13  terms  in  the  exponential  series  9*4  Therefore  to  find  the  amount  of  wiud 
(or  of  energy)  used  by  the  lowest  pipe  of  any  group  of  eight  in  the  tables  divide 
by  6  the  amount  g^ven  for  the  group. 

f  Pogg.  Ann.,  xcviii,  595,  1856. 
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were  correct  in  their  judgments  about  the  loudneEg  of  boqik)  of 
a  watch  when  held  at  different  distances  in  only  55  per  cent  of 
their  trials  if  the  ratio  of  loudness  in  the  two  cases  {computed 
from  the  law  of  inverse  squares)  was  100 :  92.  In  the  light  of 
Bach  experiments  the  nainbers  headed  per  cent  of  difEerence 
in  our  tables  are  strikingly  small  in  nearly  every  case- — partly 
of  course  because  of  the  method  of  averages  we  have  followed, 
a  number  of  pipes  sounding  at  once  in  must  cases. 

It  is  interesting  to  compare  the  energy  used  here  with  that 
of  a  tuning  fork.  From  table  IV"  of  my  former  paper  (p.  186) 
it  appears  that  the  maximum  energy  I  could  give  bj-  bowing 
to  Kitnig's  forks  of  the  middle  octave  monuted  on  their  cases 
was  considerably  less  than  O'oXlO' ergs. ;  and  the  maximum 
rate  at  whicli  energy  was  lost  was  about  O'l  X 10'  ergs,  per  sec. 
But  the  Open  Diapason  pipes  of  this  range  {c'—c")  used  each 
from  18  to  30x  10'  ergs,  per  sec.,  some  250  times  as  much  as 
the  fork  giving  its  maximum  sound,  or  from  1,000  to  6,000 
times  as  much  as  the  fork  when  giving  an  ordinary  sound. 
About  one-millionth  of  one  horse-power  would  maintain  in 
ordinary  vibration  one  of  the^e  forks ;  and  a  tenth  of  this 
amount  gave  a  sound  loud  enough  to  be  heard  200  feet  in  the 
open  air. 


There  remains  one  question  of  some  interest :  Do  all  parte 
of  the  scale  seem  to  the  ear  to  be  of  equal  loudness,  especially 
the  scale  of  an  organ  for  which  we  have  found  the  relative 
intensity  of  vibration.  I  find  few  musicians  who  have  any 
definite  impression  on  the  subject;   the  question  is  cert-aiiily 
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of  tone,  the  boards  will  be  found  to  be  too  widely  opened 
when  the  left  hand  plays  the  melody  on  the  great  key-board 
and  the  right  on  the  swell,  the  stops  remaining  uncnanged. 
Another  points  out  that  if,  with  a  smgle  stop  or  combination 
of  stops,  one  runs  over  the  key-board  ascending  the  effect  is  of 
a  C7'€8cendo.  This  would  indicate  that  the  organ-builder  in- 
tentionally makes  the  higher  pipes  louder  instead  of  keeping 
them  of  equal  loudness  as  assumed  previously,  and  also  snows 
that  the  ear  is  more  sensitive  to  high  notes  than  to  low  ones 
under  the  conditions  in  which  music  is  heard,  whatever  the 
case  may  be  with  foghorns  heard  at  sea  and  reported  by  AUard. 


Some  time  after  the  preceding  experiments  had  been  dis- 
cussed and  reported  on  Mr.  F.  H.  Hastings  kindly  furnished 
the  writer  with  a  copy  of  Topfer's  great  work,*  and  a  sum- 
mary of  his  views  may  fitly  be  connected  with  this  paper. 
Through  many  hundred  pages  the  author  discusses  the  theory 
of  organ  pipes  and  gives  lormuUe  for  their  dimensions,  and  for 
the  quantity  of  wind  they  require.  He  determined  this  last 
experimentally  by  the  method  already  described,  using  a  bel- 
lows of  63  cubic  feet  capacity ;  9  min,  57  sec.  were  required 
for  this  volume  of  air  to  leak  out  under  a  pressure  of  3*2 
Weimar  inches  of  water  (=  76™"),  (II,  95).  The  experiments 
must  have  been  very  tedious  with  so  large  a  bellows ;  they  are 
open  to  the  criticism  that  the  leakage  is  greater  than  the  wind- 
consumption  of  any  pipe,  except  a  few  of  the  largest  ones;  so 
errors  of  observation  make  large  errors  in  the  final  result,  as 
previously  pointed  out. 

The  author's  theory  on  the  subject  is  curious.  He  says  (II, 
65)  pipes  of  equal  length  consume  volumes  of  wind  propor- 
tioned to  the  squares  oi  their  diameter,  and  those  of  the  same 
diameter  quantities  inversely  proportional  to  the  square  root 
of  their  length,  [or  directly  proportional  to  the  square  root  of 
the  vibration  frequency]. 

Therefore  Q  =  K  — 

Qa/L  -=-  D"  =  K'  =  coefficient  which  measures  "intensity  of  vibra- 
xXonr 

Qa/L  -7-  area  of  mouth  :=  K"  =  coefficient  which  measures  '*  sharp- 
ness of  tone." 
Q  is  expressed  in  Weimar  cu.  in.  per  sec. 
K'  is  found  to  range  from  68  to  1 10,  average  85  : 
K"  from  394  to  5.36,  average  450. 

*J.  G.  Topfer:  Lehrbuch  der  Orgelbaukuast.  Weimar,  1855.  About  1,800 
pages  and  130  plates  folio.  Mr.  Hastings  calls  it  "by  far  the  most  complete 
book  OD  organ  building/' 
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For  all  the  pipes  of  anyeiven  stop  K'  and  K"  should  remain 
constant  (pp.  99,  112).  ThiB  assumption  underlies  hie  elabo- 
rate table  of  "normal  scales."  Bat  his  experiments  do  not 
seem  to  establish  this  constancy.  ThuB,  for  the  16  ft.  Prin- 
cipal : 

Longlh.  Q.  K'.  K'. 


•JO" 

61-5 

91-7 

496 

40"3"' 

99 

72-5 

408 

82-6 

177 

58 

352 

100-4 

162 

25-6 

165  tone  dnll. 

In  other  cases  the  values  of  K'  and  K"  vary  considerably 
without  showing  any  regular  increase. 

The  second  constant,  K",  appears  to  be  in  some  sense  i 
measure  of  the  quality  of  the  note,  the  note  being  duller  as  W 
is  smaller.  For  pipes  of  the  same  length  obviously  K'  is  pro- 
portioned to  the  mass  of  air  used  per  unit  section  of  the  pipe, 
and  so  to  the  energy  of  vibration  at  any  point  within  the  pipe, 
if  we  make  the  violent  assumption  of  equal  eSiciencj  for  pipes 
of  all  diameters.  In  the  same  way  K  is  proportioned  to  the 
energy  of  vibration  at  the  moutli.  But  we  are  not  concerned 
with  the  intensity  of  vibration  in  the  pipe;  we  want  the  ex- 
ternal effect  due  to  the  total  cross- section. 

The  introduction  of  the  square  root  of  the  length  has  no 
physical  meaning  or  justification  that  I  can  discover;  bat  it  is 
needed  to  make  all  parts  of  Topfer's  theory  hang  together. 
This  may  be  shown  as  follows :  Assuming  eqnal  temperament 
and  that  diameters  double  at  the  17th  pipe,  and  putting  a  for 
the  diameter  of  any  pipe,  the  diameter  of  the  nth  pipe  above 
becomes : 
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.gain,  it  is  found  he  tells  us  (p.  158-4)  that  in  practice  the 
iiantities  of  wind  used  are  nearly  as  1 : 2  for  the  8ve,  some- 
mes  less,  and  fortifies  himself  by  a  quotation  from  Chladni 
\.ku8tik,  p.  233) :  that  if  two  tones  of  different  pitch  are  to 
ave  equal  effect  the  forces  which  each  vibration  exerts  must 
b' inversely  as  its  vibration-frequency;  but  this  force  is  pro- 
ortional  to  the  mass  of  air  used  ;  therefore  Q  varies  inversely 

By  the  proceeding  formula 

f  the  pipes  are  an  8ve  apart  L  =  2/  and  Q  =  2^ ; 

Mien  Q  =  ^i/1  =  2  =  P:  J\ 

q       <r  ^    L  (T^   " 

This  proof  is  clearly  very  unsatisfactory;  but  the  '* scale" 
bus  determined,  and  published  by  Topfer  in  1832,  has  been 
ai^ely  used  by  organ  builders.  By  it  pipes  4  8ves,  48  semi- 
»nes  apart,  have  diameters  in  the  ratio  of  1:8,  or  pipes  16 
semitones  apart,  a  major  10th,  are  in  the  ratio  of  1:2. 

Another  scale  may  be  had  by  letting  the  16th  pipe  (15  semi- 
tones) have  the  double  diameter;  the  ratio  for  the  8ve  is  then 

1 : 3,  or  more  accurately  1 :  Vl6  =  1 : 3-032.  But  the  bass 
pipes  have  too  little  wind. 

If,  on  the  other  hand,  the  18th  pipe  (17  semitones)  have  the 

13 

double  (or  half)  diameter,  the  ratio  is  1 :  4^"^  or  1 :  2*661 ;  the 
ligher  pipes  are  relatively  "sharper."  This  defect  may  be 
corrected  by  cutting  their  mouths  lower,  and  conversely  for 
the  low  pipes,  remembering  that  for  "gleiche  Klangstarke" 
tie  quantity  of  wind  and  therefore  the  area  of  mouth  must  be 
in  the  ratio  of  I  :  v^8  for  the  8ve  (p.  244).  If,  in  the  last  case, 
tte  ratio  of  height  of  mouth  to  breadth  be  for  (•'  0  25,  it  will  be 
for  c'  0-23,  for  C  0-41. 

Another  scale  might  be  formed  doubling  the  diameter  at  the 
}^t\i  pipe ;  the  same  correction  is  to  be  made  but  its  execution 
*fi  doubtful.  A  uniform  quality  is  the  first  condition  in  a  stop 
(p,  295). 

The  author  then  goes  on  to  apply  his  theories  to  the  laying 
^own  of  several  "normal  scales;"  these  all  have  121  pipes,  60 
^ach  way  from  No.  61  assumed  27'^'  (53™'")  diameter.  In  these 
i^bles  we  find,  for  example,  with  the  ratio  of  sections : 

I  :  Vb  =  1 :  2-83,  diam.  No.  1,  363-2'" ;   No.  61,  27'"  ;  No.  121,  2"' 
'  :  8/3  =  1 :2-67  311-8  27  2-3 

'  :  5/2  =  1  : 2-5  272-1  27  2-7 

Am.  Joub.  Sol— Thihd  Sbbiss,  Vol.  XLII,  No.  24T.— Jtilt,  Ift^l. 
3 
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From  these  121  theoretical  diameterB  for  each  scale  a  coneec- 
.ntive  series  to  be  chosen  for  each  stop.  He  finds  in  practice 
that  for  a  lai^  number  of  stops  tlie  hrst  ratio  is  suitable ;  for 
an  ordinary  Principal  c'  should  have  the  diameter  of  Xo.  62; 
for  a  Wide  Principal,  No.  58  is  snitable.  But  for  many  stopfl 
this  ratio  is  not  satisfactory ;  the  tone  must  he  fuller  in  tbe 
upper  parts;  for  a  given  list  of  stops  the  ratio  1 :2"67  is  better; 
the  diameter  of  c'  ranges  between  No.  55  for  the  Wide  Prind- 
pal  Bass,  and  No.  77  for  the  Viola  d'Amour.  For  the  Peda! 
stops  and  some  others  he  advises  the  ratio  1 : 2-5. 

This  is  a  very  brief  snramary  of  the  portions  of  Topfer's 
voluminous  work  that  relate  to  the  physical  side  of  or^n 
building.  It  does  not  appear  that  the  questions  involved  have 
been  thought  out  from  the  standpoint  of  the  physicist,  or  that 
tliC  author's  viewi;  arc  entij-L'ly  consistent.  Mr.  Bnsanijuel 
credits  to  TiJpfer  tbe  law  that  the  quantities  of  wind  belong- 
ing to  the  same  stop  vary  as  the  lengths  of  the  pipes.  I  have 
not  been  able  to  lind  any  statement  to  this  effect  more  definita 
than  the  one  already  quoted  from  p  153-4,  that  the  qnantitie$ 
of  wind  used  are  nearly  as  1:2  for  the  8ve,  sometimes  more, 
sometimes  Icfs;  but  on  p.  200  he  gives  the  theoretical, qnanti- 
ties  for  tlie  successive  C's  through  9  octaves,  and  the  ratio  for 
the  8ve  I  find  to  be  1 : 1'99.  But  on  the  other  hand  he  states 
positively,  as  already  quoted,  that  the  quantity  of  wind  mna 
oe  as  1 :  v'S  for  the  8ve ;  that  is,  as  the  sections  of  the  pipes 
in  his  first  "normal  scale."  In  other  words,  his  most  detinitt 
statement  makes  the  qoanlities  for  the  8ve  as  l:x/S;  hi« 
alleged  law  and  Mr.  Boeanquet's  experiments  give  the  ratio 
"■  :  i/%,   and   my   experiments   give   the   ratio   1  :  ^/S;   these 
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3n  that  it  was  thought  a  new  analysis  would  be  not 
b  interest  notwithstanding  the  fact  that  material  from 
le  region  had  already  been  analyzed  by  Kdnig.* 

astrophyllite  occurs  in  large,  brittle,  micaceous  blades, 
to  brownish  yellow  in  color,  and  perfectly  free  from 
d  minerals,  such  as  zircon ;  the  only  foreign  matter 
►n  the  ends  or  sides  of  the  blades  which  were  in  contact 
le  containing  rock  ;  so  that  pure  material  for  analysis 
idily  obtained.  In  this  analysis  the  zirconia  was  sep- 
by  a  modification  of  the  hydrogen  peroxide  method  and 
d  directly,  being  subsequently  identified  qualitatively, 
mparison  with  tliis  analysis,  those  made  by  Konig  and 
tkstromf  are  added  in  the  table  below.  Konig's  being 
e   previously   referred   to,  of  material  from  the  same 

and  Biickstrom's  of  the  Eikaholmen  mineral. 


Eak 

ins. 

Konig. 

B&ckstrom. 

AnalyRis. 

Molecular 
ratio. 

Analysis. 

Molecular 
ratio. 

Analysis. 

Molecular 
raUo. 

0-34 

•001 

0^80 

•002 

35-23 

•58V 

34-68 

•578 

33-02 

•660 

11-40 

•143 

13-58 

•170 

IMl 

•139 

1-21 

•010 

2^20 

018 

3.66 

•030 

3-73 

•024 

6^56 

•041 

2^53 

•016 

tr. 

0^70 

•007 

0-98 

•009 

29-02 

•403 

26^10 

•362 

21-76 

•302 

5-52 

•078 

3^48 

•049 

11-96 

-169 

0-22 

:004 

1-26 

•023 

0-13 

•003 

0^30 

•008 

0-92 

•023 

5-42 

•058 

501 

•053 

5-78 

•062 

3-63 

•059 

2^54 

•041 

2-77 

•045 

4-18 

•232 

3-54 

•197 

347 

•193 

CuO  -42 

•006 

F  0^97 

•061 

100-03 


99^91 


100^18 


1  a  discussion  of  these  analyses  of  Backstrom  and 
Brogger  deduces  the  general  formula :  R"^R'^Si(SiOj^ 
rophyllite.  It  will  be  seen  that  my  analysis  closely 
)8  this  formula,  agreeing  with  it  better  in  fact  than 
from  which  it  was  derived.  Calculating  the  small 
b  of  ferric  oxide  present  in  with  the  R^'  group,  the 
lar  ratios  of  my  analysis  give  the  following  elementary 
Lions : 


iuces  to : 


Si„,0„„Ti(Zr),„R'...R',„H,„ 


.  Am.  Phil.  Soc.  Philada.,  xvi,  609,  1877. 

a  by  Brogger  in:— Groth's  Zeitschrift,  vol.  xvi.     W.  C.  Brogger,  Die 

m  der  Syenitpegmatitgange,  etc. 
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Si,0,„Ti,„R''    R'  ,H,, 


which  is  quite  close  to  R",K'.Ti(SiO,)„  the  excess  of  the  K' 
group  is  presumably  due  to  the  percentage  of  water  being 
somewhat  too  large,  tliis  may  result  from  incipient  alteration 
of  the  mineral,  which  may  also  be  the  cause  of  the  variatit'ii 
in  color. 

IL  TKheffkinile. 
A  fragment  of  this  rare  mineral  was  last  year  gent  to  the 
National  Museum  by  Mr.  Horace  M.  Engle,  of  Itoanoke,  Vi 
And  upon  its  identification  he  very  kindly  presented  all  at  Iiis 
disposal  for  the  purpose  of  iuveetigation :  in  addition  to  some 
small  fragments  there  was  one  large  mass,  which  before  break- 
ing weighed  over  three  and  one-half  kilograms,  most  of  ii 
now  being  in  the  museum  collection.  It  was  found  in  Bedfoni 
Co.,  Va.,  a  point  considerably  farther  south  than  the  localiiv 
of  tlie  material  analyzed  by  Price.*  The  various  pieces  of  ibis 
techeffkinite  when  fonud  were  all  more  or  less  rounded  nodales, 
with  a  snperficial  brownish  yellow  ochreous  coating,  evidently 
au  alteration  product,  which  at  some  later  date  may  be  made 
the  subject  of  investigation  to  endeavor  to  determine  tW 
method  of  alteration.  The  beginning  of  this  alteration  wi* 
also  Been  in  the  numerous  fiesure  planes  developed  in  breaking 
np  these  nodules.  Examination  of  a  fre«h  surface  showed  a 
distinctly  banded  stnicture  of  lustrous  black  and  dull  black 
material,  the  bands  varying  from  mere  lines  to  over  five  mil- 
limeters in  widtlL  As  well  as  could  be  these  two  diflerentW 
gpearing   substances  were  s?parated   and    each   analyzed 
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formala,  a  resnlt  qnite  in  accordance  with  the  evidence  furn- 
ished by  the  microscopical  examination  of  sections.  For  this 
porpoee  chips  were  taken  showing  both  bands,  bnt  as  in  the 
case  of  the  chemical  analysis,  they  were  seen  to  be  practically 
the  same. 


I. 


II. 


TaO. 

SiO, 

TiO, 

ZrO. 

ThO, 

(Y,  £r).0. 

(La,  Di),0, 

Ce,0, 

A1,0. 

Fe,0. 

FeO 

CaO 

MgO 

Na,0 

H.0 


Specific  gravity,  4*33  at  27 


Analysis. 

Molecular                               Molecular 
THtlo.                 Analysis.          ratio. 

0-08 

0-08 

20-21 

•337              21-49 

-358 

18-78 

•235              18  99 

•237 

<r.(?) 

<r.(?) 

0-85 

•003                0-75 

•003 

1-82* 

-006                l-64t 

•005 

19-72 

-059              17-16 

•052 

20-06 

-061              19-08 

-058 

3-60 

-035                3-65 

-036 

1-88 

•012                2-89 

•018 

6-91 

•096                5-92 

-082 

4-06 

-072                5-24 

•094 

0-55 

-014                0  48 

-012 

0-06 

•001                 0-04 

•001 

0-94 

-052                 206 

•114 

99-50 

99-47 

\  at  2T. 

Specific  gravity, 

4-38  at  22°-2. 

I  am  indebted  to  Mr.  Whitman  Cross,  of  the  U.  S.  Geolog- 
ical Survey,  for  the  following  notes  on  the  thin  sections :  "  The 
sections  consist  mainly  of  reddish  and  yellowish  brown  trans- 
parent amorphous  substance,  apparently  the  original  material, 
this  is  traversed  in  all  directions  by  cracks  from  which  there 
has  proceeded  a  decomposition  producing  a  reddish  brown 
opaqne  ochreous  matter  which  fills  the  cracks  and  replaces  the 
original  material  so  that  in  certain  spots  there  is  now  merely 
a  network  of  the  two  substances.  In  each  section  there  are  two 
parallel  bands  of  secondary  minerals  nothing  corresponding  to 
which  was  detected  in  the  chips  before  the  sections  were  made. 
These  bands  consist  chiefly  of  two  colorless  minerals,  the  more 
abandant  occurring  in  irregular  grains  closely  resembling  calcite 
in  strength  of  refraction  and  double  refraction  ;  the  other  occurs 
in  rounded  grains  and  is  probably  sphene.  In  addition  to  the  two 
colorless  minerals  in  these  bands,  there  also  appear  two  brownish 
substances,  one  of  which  has  distinct  prisms  without  terminal 
planes,  shows  strong  pleochroism  and  its  absorption  parallel  to 
the  vertical  axis  is  so  strong  as  to  make  it  opaque,  while  at 
right  angles  to  this  axis  it  is  yellow-brown.  More  abundant 
tlum  this  prismatic  mineral  is  one  occurring  in  apparent  flakes 


*  Molecular  weight=308. 


f  Molecular  weight=312. 
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(if  reddisL-brown  color,  it  is  doubly  refracting,  but  not  strongly 
pleochroic,  and  cannot  be  identified  with  any  of  tbe  substances 
already  mentioned.  Adjacent  to  these  bands,  and  replacing 
tbe  amorphous  material  to  varying  distances  is  etill  auother 
substiuice,  in  general  appearance  eimilar  to  tlie  prismatic  min- 
eral, bnt  evidently  different  as  it  shows  no  very  marked  nbsorp- 
tion.  This  mineral  is  also  strongly  pleochroic,  varying  from 
yellow-brown  to  chestnut  brown.  All  of  it  in  the  sectiom 
oeome  to  have  a  uniform  crystal] ograp hie  orientation,  the  canse 
of  this  unifonnity  not  bemg  apparent.  Its  relations  to  the 
amorphous  substance  are  similar  to  those  which  I  have  observed 
in  several  instances  between  crystalline  allanite  and  the  amorph- 
ous variety." 

The  microseojiieal  examination  having  shown  this  tscheff- 
kinite  to  be  such  a  mixture,  it  became  desirable  to  examine 
others  in  the  same  way. 

Tiie  only  one  available  for  this  purpose  was  that  analyied 
by  Price,  a  specimen  of  which  is  in  the  National  Museum  col- 
lection. This  specimen  has  the  same  general  appearance 
and  Itandcd  structure  as  my  own.  Chips  were  taken  from  it 
for  sections  which  Mr.  Cross  examined  and  found  to  he  in 
t'vcry  rusiH'ct  similar  to  tbe  other,  about  the  only  noticeable 
dilTeri>nce  being  in  Prioo'e  material  a  somewhat  greater  devei- 
opniont  of  the  opat^ue  ochreous  decomposition  product  of  tbe 
tntufpareiit  amorphous  substance  than  in  mine,  and  a  lesser 
diivitlonmcnt  of  the  colorless  minerals. 

Taking  into  consideration  the  results  of  this  work,  and  the 
manifNit  contradictioos  of  most  of  the  earlier  analyses,  it  secmi 
reMonnhIc  to  oouchide  that,  unless  one  of  the  earlier  analrsw 
■  shown  to  have  lieen  made  on  pure  material,  tht 
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Art.  V. — The  Minerals  in  hollow  Sphervlites  of  Rhyolite 
from  Glade  Creek^   Wyoming ;  by  J.  P.  Iddings  and  S.  L. 
Penfield. 

The  occurrence  of  fayalite  with  quartz,  tridymite  and  soda- 
orthoclase  or  sanidine  in  the  lithophysae  and  hollow  spherulites 
of  the  obsidian  at  Obsidian  Cliff,  Yellowstone  National  Park,*  has 
been  described  by  one  of  the  writers  of  the  present  paper,  the 
mineralogical  investiffation  of  the  fayalite  and  sanidine  having 
been  carried  on  by  tne  other  writer.  Recently  we  have  had 
occasion  to  call  attention  to  the  occurrence  of  fayalite  in  obsid- 
ian at  Lipari  and  Vulcano  in  the  Mediterranean,t  and  have 
observed  that  the  modes  of  occun'ence  are  alike  in  both  regions, 
and  that  the  causes  leading  to  the  crystallization  of  fayalite  in 
these  magmas  must  have  been  the  same,  namely :  the  action  of 
superheated  vapors,  presumably  of  water,  upon  the  magmas 
before  their  final  consolidation  and  cooling. 

In  the  present  paper  we  wish  to  contribute  further  to  the 
knowledge  of  these  aqueo-igneous  products  in  siliceous  lavas,  by 
describing  a  somewhat  different  development  of  hollow  spheru- 
lites in  rhyolite  at  the  forks  of  Glade  Creek,  a  tributary  of  the 
Snake  River,  just  south  of  the  boundary  of  the  Yellowstone 
National  Park.  This  locality  was  visited  by  us  in  the  sum- 
mer of  1886.  The  rhyolite  forms  a  high  bluff  of  massive 
rock,  exhibiting  great  contortion  of  banding  or  planes  of  flow. 
The  spur  between  the  two  branches  of  the  stream  rises  some 
1200  feet  above  the  valley,  and  presents  a  section  of  the  great 
rhyolite  sheet  which  forms  the  mas^s  of  Pitchstone  Plateau, 
lying  to  the  north. 

The  rock  at  the  forks  of  Glade  Creek  is  dark  gray,  dull, 
lusterless  and  lithoidal,  with  a  rough  hackly  fracture.  It 
carries  many  phenocrysts  of  a  white  plagioclase,  less  numer- 
ous glassy  sanidines  and  quartzes,  and  many  rusted  crystals, 
which  prove  to  be  more  or  less  altered  augites.  Through  this 
mass  are  scattered  cavities  with  light  gray  or  white  walls, 
which  are  partially  tilled  with  crystals.  The  cavities  vary  in 
size  from  that  of  a  walnut  to  almost  nothing.  They  are  irregu- 
lar in  shape,  but  the  spherical  form  of  the  light  colored  walls 
suggests  at  once  that  they  are  the  cavities  of  very  hollow 
spherulites.  They  are,  in  fact,  wide-gaping  spherulites  like 
some  of  those  found  at  Obsidian  Cliff.:|:    Occasionally  there  are 

*J.  P.  Iddings,  Obsidian  Cliff,  Yellowstone  National  Park,  Seventh  Annual 
Report  of  the  Director  of  the  U.  S.  Geological  Survey,  Washington,  1888. 

f  Iddings  and  Penfield,  Fayalite  in  the  obsidian  of  Lipari.  This  Journal,  vol. 
il,  July,  1890. 

X  1.  c.  p.  264,  and  Plate  XII,  figs.  1  and  5. 
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indications  of  splierieal  zoneB  near  tlie  outer  mai^n  of  tbe 
shell,  but  no  radial  fihration  can  l>e  observed  macroscopical!;. 
There  is  nothing  in  tlie  arnmgement  of  the  comparatimj 
large  crystals  within  the  cavity  which  snggesfB  either  a  radii- 
tion  from  the  center,  or  the  concentric  shelly  structure  of 
lithophysiv. 

An  examination  with  the  microscope  proves  that  there  isi 
radial  fibration  in  the  outer  shell  of  these  ephernlites.  And  since 
certain  of  the  minerals  which  are  characteristic  of  the  centnl 
portion  are  found  in  the  shell  also,  it  is  evident  that  the  forma- 
tion of  the  outer  and  inner  parts  of  these  spherulitea  was  con- 
temporaneous. There  are  also  small  irregular  cavities  contain- 
ing the  same  well  developed  crystals,  wliich  have  no  definite 
apherulitie  walls,  l>ut  are  surrounded  by  white  crystalline 
margins,  which  extend  irregularly  into  the  surrounding  roct 
The  same  thing  also  occurs  lu  small  crystalline  patches  and 
streaks  in  the  ground-mass  of  the  rock,  like  the  more  crystalline 
portions  of  the  laminated  lithoidite  at  Obsidian  Clitf.*  The 
massive  rhyoJite  at  G-lade  Creek  also  passes  to  the  westward 
into  laminated  lithoidal  rhyolite  with  open  layers  filled  witli 
the  same  minerals  as  those  in  the  hollow  sphenilites. 

The  light  colored  crystalline  portions  just  mentioned,  when 
examined  with  a  lens,  are  found  to  he  dotted  with  minute  round 
pits  about  as  large  as  the  point  of  a  pin.  At  first  sight  they 
appear  to  be  small  colorless  grains  of  some  mineral  like 
quartz,  but  closer  investigation  shows  them  to  he  hollow.  Their 
relation  to  the  crystalline  material  about  them  is  revealed  by  a 
microscopical  study  of  the  rock. 

Thin  sections  of  the  rock  show  it  to  be  a  rhyolite  similar  to 

Mioli  iif  thi-  lith.iiilnl  rhyolite  of  the  iieighhoriug  region,  except 
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lites  are  distinctly  radially  fibrous,  the  rays  being  relatively 
coarse  or  prismatic.  The  outline  of  the  spherules  is  not  evenly 
circular,  but  irregularly  jagged,  especially  when  they  adjoin 
areas  of  tridymite  and  quartz.  Here  the  rays  of  the  spherules 
develop  into  definite  prismatic  crystals,  and  have  the  optical 
characters  of  orthoclase  in  prisms  elongated  parallel  to  the 
inclined  axis,  d.  They  have  a  slight  extinction  angle,  reach- 
ing 10°,  and  have  the  axis  of  greatest  elasticity  parallel  to  the 
length  of  the  prism.  The  spherulites,  therefore,  behave  as 
though  made  up  of  optically  negative  prisms.  In  one  rock 
section  they  appear  to  have  more  of  a  granophyric  structure, 
with  a  feather  like  texture  within  the  feldspar  prisms.  The 
fine  fibers  producing  this  effect  do  not  reach  the  end  of 
the  best  developed  prisms,  leaving  them  terminated  by  clear 
feldspar  substances,  as  in  the  case  of  the  granophyric  pheno- 
cryst  in  the  rhyolite  of  Eureka,  Nevada,  described  m  the 
article  on  Obsidian  Cliff  already  referred  to.*  In  these 
spherulites  the  presence  of  quartz  within  the  feldspar  is 
indicated  by  this  micro-structure,  but  in  the  first  mentioned 
spherulites  there  is  nothing  to  suggest  its  presence,  except 
the  highly  siliceous  nature  of  the  rock.  Since  it  is  only 
the  marginal  terminations  of  the  feldspar  prisms  which  are 
determinable  as  such,  the  central  portion  of  the  spherulites 
may  be  more  complex  without  its  being  recognized,  for  a 
small  amount  of  quartz  would  not  materially  affect  the  optical 
character  of  the  feldspar.  The  light  colored,  crystalline  por- 
tions of  the  rock  with  the  minute  pits  are  seen  under  the 
microscope  to  be  more  highly  crystallized  parts  of  the  ground- 
mass.  They  combine  the  spherulitic  structure  with  a  more  or 
less  granular  one.  The  little  cavities  are  found  to  be  hollows 
at  the  centre  of  small  feldspar  spherulites,  which  are  made  up 
of  feldspar  prisms  whose  ends  project  irregularly  inward  into 
the  cavities  and  outward  into  the  adjoining  minerals.  The 
cavities  appear  to  be  minute  spots  once  occupied  by  vapor  or 
some  liquid,  around  which  feldspar  crystallized  in  prisms  radia- 
ting outward.  In  the  crystalline  patches  the  tridymite  lies  in 
various  orientations,  and  through  it  in  all  directions  run  what 
look  like  transparent  needles,  which  in  some  cases  also  radiate 
out  from  the  coarser  micro-spherulites.  They  are  dull  between 
crossed  nicols,*  and  might  easily  be  mistaken  for  apatite,  but 
their  optical  characters  are  also  those  of  sanidine  prisms  that 
have  developed  parallel  to  the  axis  of  greatest  elasticity.  This 
is  shown  to  be  the  case  in  a  thin  section  of  another  rhyolite  in 
which  the  same  structure  has  been  developed  on  a  somewhat 
larger  scale.     In  the  rhyolite  from  Glade  Creek,  quartz  some- 

♦  L.  c,  p.  275,  Plate  XV,  fig.  5. 
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times  occapies  tlie  place   of  tridymite  between   the  feldspar 
crystals. 

The  mineral  which  is  most  abundant  in  the  hollow  sphem- 
lites  ia  quartz,  occurriug  in  stout  crystals,  seldom  over  2™°  in 
diameter  (in  one  instance  5"'"),  very  transparent  and  with  a 
mie  smoky  color ;  also  in  slender  white  prisms,  10°""  long. 
The  latter  are  sometimes  clear  and  transparent  in  part,  but 
are  mostly  full  of  cracks,  and  many  of  them  are  covered  with 
a  crust  of  hyalite.  The  hyalite  is  isoti-opic,  and  has  minute 
microlites  of  feldspar  scattered  through  it  Both  the  stoat, 
clear  quartz  crystals,  and  the  slender  white  prisms  occur  to- 
gether in  the  same  sphernlite,  and  in  a  number  of  instances 
it  was  observed  that  the  clear  crystals  are  deposited  on  a 
nearly  flat  side  of  the  cavity,  while  the  white  prisms,  inter- 
secting in  all  directions,  make  up  a  sort  of  net  work  which 
rises  above  it  in  a  dome^lmpcd  mass.  The  first  impression 
is  that  the  transparent  quartz  crystallized  in  a  shallow  basin 
in  a  liquid  while  the  upper  portion  crystallized  in  a  vapor. 
This  hypothesis  is,  however,  untenable,  since  in  some  casee, 
the  transparent  crystals  in  the  hollows  of  one  rock  specimen, 
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rhombohedrons  /,  3032,  f  and  tf",  0332,  -|  and  narrow  tra- 
pezohedral  faces  N  and  L  dc  |-},  which  lie  in  the  zone 
between  j  and  <t  and  also  in  the  zone  2,  r  and  m.  The 
rhoinbohedrons^*  and  a  are  not  mentioned  by  G.  Rose*  in  his 
classical  paper  on  quartz.  Des  Cloizeanx,t  in  his  very  exten- 
sive monograph  on  the  crystallization  of  quartz  was  the  first 
to  observe  these  forms.  During  his  investiffation  he  added 
twenty-one  new  positive  rhombohedrons  to  the  seven  which 
were  already  known.  Of  the  +  |  rhombohedron  j  he  says : 
"  this  has  been  found  on  two  crj'stals  from  Traversella,  on  a 
large  crystal  from  Brazil,  and  upon  a  little  crystal  from  Ala. 
Its  measurement  is  a  little  uncertain  as  it  always  presents 
ronnded  faces.  Among  the  considerations  which  favor  the 
acceptance  of  this  rhombohedron  is  the  occurrence  of  the 
negative  |  form."  He  also  added  twenty-five  new  negative 
rhombohedrons  to  the  five  which  were  already  known.  Of 
the  -|  rhombohedron  a  he  says :  "this  rhombohedron  has  been 
observed  upon  twenty-three  crystals  from  Traversella,  and  upon 
many  crystals  from  Valais.  The  mean  of  fifty-four  measure- 
ments, in  spite  of  a  slight  rounding  of  the  faces,  leaves  no  doubt 
of  its  symbol."  On  the  crystals  from  Glade  Creek  both  j 
and  (T  are  perfect  as  regards  luster  and  freedom  from  stria- 
tions.  They  may  be  detected  on  nearly  all  crystals  and  some- 
times they  are  largely  developed.  Figures  1  and  2  represent 
the  relative  size  and  development  of  these  faces  on  two  of  the 
transparent  stout  crystals  which  were  detached  for  measurement, 
and  figure  3,  the  greater  development  of  them  at  one  end  of  a 
slender  white  prism.  In  the  majority  of  cases,  the  edges 
between^'  and  tf"are  replaced  by  trapezohedral  faces  having  the 
simple  parameter  relation  |-| ;  moreover  all  of  the  four  pos- 
sible trapezohedral  forms  with  the  above  parameter  relation 
were  observed.  On  the  right-handed  crystal  represented  in 
fig.  1,  N,  2132, +r  1-1,  and  W,  3312,  -r  |-J  occur,  while 
on  the  left-handed  crystals  represented  in  figs.  2  and  3,  L, 
8122,  +Z  f-§  and  L',  1232,  -I  f-|  occur.  DesCloizeaux 
also  observed  these  forms  and  says  of  N  4-  |-§  ''this  very 
rare  form  has  been  observed  only  upon  the  very  remarkable 
crystal  from  Brazil.  As  it  is  very  narrow  and  a  little  rounded 
its  measurement  could  not  be  made  very  exactly ;  however  its 
angle  upon  /•,  calculated  for  the  symbol  here  adopted,  differs 
very  little  from  the  mean  of  the  observation  and  its  very  simple 
symbol,  being  the  inverse  of  the  probable  face  L,  -|-|,  point 
to  its  existence."  Of  L,  -|-f,  indicated  by  DesCloizeaux 
with  (?)  as  a  probable  but  not  certain  form,  he  says :  "  this  very 
simple  symbol  can  be  applied  to  a  face  observed  upon  many 

•  Abh.  Akad.  Berlin,  1844,  p.  217.  \  Ann.  Ch.  Phys.,  1855,  p.  129. 
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crystals  from  Travereella.  This  face  is  always  brilliant  but  bo 
macb  rounded  that  upon  measuring  upon  z  one  can  indifier- 
ently  arrive  at  a  nnmber  of  approximatioos  accordiDg  as  one 
stops  at  the  upper,  central  or  lower  part  of  the  broad  reflection 
which  it  famiSQCS."  On  the  crystals  from  Glade  Creek,  N 
and  X'  and  L  and  L'  are  faultlese  as  regards  Ineter  and 
absence  of  gtriations  and  rounding.  An  idea  of  the  promi- 
nence of  these  faces  may  be  obtained  from  figs.  1,  2  and  3 
where  their  relative  size  and  development  on  three  of  the 
measured  crystals  has  been  preaeived  as  far  as  possible.  They 
undonbtedly  occur  both  as  positive  r  and  negative  r,  and  as 
positive  I  and  negative  I;  their  persistency  in  replacing  all  of 
the  edges  between  j' and  ff  would  indicate  this  as  well  as  the 
results  of  an  e.\[)eninent  in  etching  one  of  the  crystals  with 
bydrofluoric  acid.  The  crystal  represented  in  fig.  1,  was  thns 
proved  to  l>c  a  right-handed  twin.  The  greater  part  of  r  and 
/  in  front,  and  all  of  N  were  positive,  as  was  also  the  greater 
portion  of  the  faces  lettered  2  and  a,  the  twinning  bonndaries 
running  very  unequally  over  these  faces ;  while  the  face  lettered 
N' was  both  positive  and  negative,  the  positive  part  being  deeply 
etched  while  the  acid  had  almost  no  action  on  the  negative 
twrtion.  Left-handed  crystals  were  not  etched,  but  it  is  safe  to 
mfer  from  the  development  of  L  and  L',  that  they  are  both 
positive  and  negative.  Right  and  left  forms  were  not  observed 
m  the  same  crystal.  On  the  goniometer  the  retlections  from 
alt  of  the  faces  except  m  were  very  perfect,  and  the  following 
measurements  were  made. 
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made  in  the  vertical  zone  m,  j^  r,  over  the  apex  of  the  crystal 
on  s,  ^,  m.  The  prism  faces  were  always  so  much  striated  that 
no  satisfactory  measurements  could  be  made  from  them.  The 
measurements  are  as  follows : 

Calculated.    Measured. 
r.v«  over  base,  103"  34'  103*35^  103*33'  103*34'  103*35  103*35' 
rjKJOTZ^a,       10   31      10  42       10   47     10  35      10    29    10  45  10*35'  10*19' 
r  ^  c  adjoiniDg,  46   16     46  17 
r>.N,  17    23      17  19 

On  several  crystals  a  second  rhombohedron  having  the 
symbol  A^,  (lO'O.  lO'T)  was  observed,  occurring  either  alone 
with  r,  2  and  m,  or  between  j  and  r  and  a  and  z.  It  had  a 
relatively  large  size  and  gave  distinct  reflections;  its  measure- 
ment on  to  r  and  z^  is  as  follows: 

Calculated.  Measured. 

9**  21'  9*  45',     9°  25',     9°  38'     9*'  52',     9*'  43'. 

The  occurrence  in  the  hollow  spherulites  of  this  very  unusual 
development  of  quartz,  as  well  as  its  association  with  the  rare 
mineral  fayalite,  may  be  taken  to  indicate  that  the  crystals  were 
formed  under  conditions  which  do  not  usually  prevail.  On 
the  highly  modified  quartz  crystals  from  Alexander  (^o.,  N.  C, 
;,  a  and  L  were  frequently  observed  by  voni  Rath,*  but  the 
crystals  from  Glade  Creek,  and  Obsidian  Cliff,  are  very  different 
in  showing  these  rare  forms  well- developed  on  otherwise  very 
simple  crystals. 

Tridymite  is  present  in  some  of  the  cavities  in  characteristic 
crossed  twins,  and  is  abundant  in  thin  sections  of  the  rock. 

The  most  noticeable  mineral  next  to  quartz  is  fayalite.  It 
forms  stout  crystals  about  1™°*  long  with  very  much  the  same 
habit  as  those  represented  by  tig.  2,  in  our  paper  "  On  the  occur- 
rence of  Fayalite  in  the  lithopliysae  of  obsidian  and  rhyolite  in 
the  Yellowstone  National  Park,"t  or  by  tig.  54  in  the  paper 
on  Obsidian  Cliff  already  cited.:}:  They  have  undergone  more 
or  less  alteration  to  iron  oxide  and  are  now  opaque  and  black. 
Some  are  still  transparent  at  the  centre.  When  tested  chemi- 
cally they  give  decided  reactions  for  both  iron  and  magnesium. 
This  may  indicate  that  the  unaltered  fayalite  is  rich  in  mag- 
nesium. There  is  not  sufficient  unaltered  material  at  hand  to 
undertake  a  complete  chemical  analysis.  The  occurrence  of 
the  fayalite  at  Glade  Greek  is  quite  the  same  as  that  in  other 
hollow  spherulites  in  the  rhyolites  at  various  localities  in  the 
Yellowstone  National  Park. 

♦Zeitschr.  Kryst.,  x,  p.  156.  \  L.  c.  p.  271. 

f  This  Journal,  vol.  xxx,  July,  1885,  p.  69. 
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In  some  of  the  more  irregular  cavities  of  the  rock,  at  Glade 
Creek,  there  are  accnmalations  of  sanidine  crystals  of  very 
small  size.  Occasionally  they  exhibit  a  bine  iridescence,  and 
when  magnitied  are  Been  to  have  the  same  crystal  habit  as 
those  in  the  litlioidite  of  Ol>sidian  Cliff,*  that  is,  they  are  tliin 
tablets  parallel  to  the  basal  plane,  with  the  cliiiopinacoid,  prism 
and  two  ortliodornes  less  highly  developed.  The  chemical 
analysis  of  these  nncoinmon  sattidines  from  Obsidian  Cliff 
Khowe<l  the  presence  of  one  molecule  of  soda  to  one  of  potash. 
In  some  of  tlie  hollow  spherulites  there  are  very  small  crystab 
of  hornblende  al>oiit  ^°""  long.  They  form  stout  prisms  with 
brilliant  faces,  and  appear  to  be  terminated  by  the  baeal  plane 
and  unit  pyramid.  In  thin  section  they  are  brown.  They  are 
nut  found  in  most  of  the  cavities.  Biotite  is  also  observed,  in 
a  few  cases,  in  very  small  particles  built  up  of  thin  hexagonal 
crystals  with  parallel  orientation.  They  yield  an  almost  uni- 
axial negative  interference  figure  between  crossed  nicola. 
Both  the  hornblende  and  biotite  occur  sparingly  in  small 
crystals  within  the  gronndmass  of  the  rock.  These  mineralE 
are  not  found  in  the  same  cavities  with  fayalite. 

In  conclnsiun,  we  find  that  in  the  rhyolite  of  Griade  Creek, 
as  in  the  ol>sidian  of  Obsidian  Cliff,  fayalite  occurs  in  associ- 
atiiin  with  uhtindniit  quartz,  as  tlie  result  of  the  mineralustng 
action  of  vapors  in  the  cooling  acid  lava.  The  qoartz  in 
botli  localities  has  a  peculiar  development,  remarkable  alike 
for  its  simplicity,  rarity  and  |>erfeetion.  These  minerals  are 
ac(;onipanicd  by  an  uncommon  form  of  sanidine,  and  hy  tridy- 
mite.  .Moreover  in  certain  hollow  spherulites  the  fayalite  is 
wantinj!;,  and  in  its  place  are  hornblende  and  biotite. 
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reason  that  it  is  more  likely  to  be  found  on  tree  trunks  than  in 
veins.     During  the  winter  the  excellent  specimen  used  in  the 

S reparation  of  the  accompanying  illustration  was  forwarded  by 
[r.  Frost,  who  stated  that  it  was  cut  from  a  live  pine  tree  near 
Eagle  Lake.  Bits  of  adhering  bark  can  be  seen  in  figure  1, 
which  is  a  little  less  than  half  size.  Professor  Stillman  gener- 
ously placed  at  my  disposal  a  piece  of  the  original  material  and 
their  comparison  and  study  were  taken  up. 

As  the  description  of  the  "  mineral  resin  "  answers  equally 
well  for  the  recently  obtained  specimen  it  is  quoted  here.  "  It 
presents  a  nearly  white  mass,  friable,  light  and  porous,  con- 
taining much  enclosed  air  so  that  it  floats  on  water  like  cork. 
On  fracture  it  presents  a  slightly  fibrous  structure.  Under  the 
microscope  it  exhibits  a  two-fold  structure — a  quantity  of  very 
fine  irregular  fibers  permeating  a  mass  of  a  brittle,  amorphous, 
structureless  substance."  Nothing  more  need  be  added,  save 
to  call  attention  to  the  concentric  form  of  growth  and  to  the 
remnants  of  tubes. 

Macroscopically  and  chemically  the  two  specimens  appear  to 
be  identical.  No  improvement  of  Professor  Stillman's  careful 
analysis  was  attempted,  and  its  duplication  was  only  carried  to 
the  point  of  identification.  Both  substances  agree  in  melting 
imperfectly  at  140°  and  in  softening  at  temperatures  below 
100  ;  they  are  insoluble  in  water ;  86  to  90  per  cent  dissolves  in 
alcohol — the  solutions  being  of  a  slightly  yellow  color,  marked 
bitter  taste  and  acid  reaction ;  residues  from  solution  are  white 
and  amorphous ;  the  alcoholic  extracts  bum  with  smoky  fiame 
leaving  a  trace  of  ash  ;  they  are  much  less  soluble  in  ether  than 
in  alcohol.  Professor  Stillman  found  further  that  his  material 
was  soluble  in  caustic  potash,  and  from  such  solutions  a  puri- 
fied tasteless  mass  could  be  precipitated  by  hydrochloric  acid, 
also  that  the  filtrate  evaporated  to  dryness  yielded  a  **  waxy 
substance"  of  intensely  bitter  taste.  Taking  into  account 
hygroscopic  moisture  and  ash,  his  analysis  gave : 

Carbon 64*46 

Hydrogen  (not  in  water) 8*75 

Oxygen         "  **        22*80 

H,6 3*87 

Ash   0*12 


100*00 

Dr.  H.  N.  Stokes,  of  the  Chemical  Division  of  the  Geological 
Survey,  gave  it  such  consideration  as  pressure  of  work  would 
permit,  and  says  in  regard  to  it :  *'  In  continuous  extrac- 
tion with  alcohol  the  '  bemardinite '  left  a  residue  of  7*56  per 
cent,  and  your  specimen  a  residue  of  6*08  per  cent.  The 
appearance  of  the  residue  under  the  microscope  is  the  same  in 
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,  consisting  of  fine  fibers,  mixed  with  some  granules. 
>t  had  time  to  prove  that  the  substance  [fiber]  is  cel- 
iit  it  appears  to  be,  being  insoluble  in  all  neutral 
and  unacted  upon  by  bromine  water.  The  alcoholic 
being  evaporated  to  dryness,  left  a  crystalline  residue. 
8  of  the  residue  is  crystalline — the  crystals  being  im- 
1  some  amorphous  substance.  The  crystalline  substance 
are  of  crj^stalline  acids,  which  form  soluble  crystalline 
16  appearance  in  each  case  is  the  same,  and  I  tnerefore 
^itatc  to  pronounce  the  two  specimens  identical." 
trographic  microscope  showed  clearly  the  structural 
'  of  the  substances  and  sug»j:ested  a  fungous  origin,  and 
al  authority  was  sought  in  Mr.  F.  H.  Know^lton  whose 
ion  of  a  fragment  of  each  piece,  with  a  biological  mi- 
not  only  confirmed  previous  testimony  as  to  identity, 
ated  their  fungous  character  with  certainty. 
ing  that  the  sameness  of  the  specimens  has  been 
jd,  a  brief  reference  to  the  nature,  origin  and  struc- 
le  substance  may  he  given. 

Bor  Stillman  expressed  the  belief*  that  it  was  a  res- 
retion  which,  having  fallen  from  some  species  of  con- 
covered  with  debris,  lost  all  traces  of  volatile  and 
Clatter,  became  permeated  and  splintered  by  a  fung- 
ih  and  being  inixed  with  surface  soil,  would  easily 
ken  by  untrained  observers  for  material  in  situ, 
ing  the  fact  that  Professor  Stillman  did  not  see  the 
lite  (?)  in  place  and  that  the  specimens  available  for 
ance  were  fragmental,  stained  and  weathered,  it  is 
lie  he  should  have  been  able  to  give  so  plain  a 
>  its  character  and  source.  But  the  truth  of  the  mat- 
bly  is,  that  the  fungous  growth  is  responsible  for  the 
of  the  resin  and  not  the  resin  for  the  fungus  growth, 
the  kindness  of  Professor  (yallaway  of  the  Agricul- 
3artment,  the  large  specimen  was  referred  to  Mr.  J.  B. 
Plainfield,  X.  J.,  an  authority  on  fungi,  and  it  was  by 
gnized  as  the  fungus  "  PolyporouH  officinalis  Fries.'' 
iy  noted  its  home  is  on  the  pine  tree  and  it  probably 
^^er  a  wide  area,  for  it  is  found  on  Pinus  strohus  of 
I,  and  a  specimen  has  just  been  sent  to  the  National 
from  Wyinning.  A  glance  at  figure  2,  which  is  about 
latural  size,  shows  clearly  the  ring-like  growth  and  the 
)f  tubes.  Figure  3  is  from  a  photograph  of  a  small 
Professor  Stillman's  original  material  and  is  full  size, 
iroscopical  examination  of  a  thin  section  shows  the 
[•epresented  in  figure  4.  A  somewliat  regular  arrange- 
^ranules  is  seen  (indicated  by  the  lighter  color),  which 

*  This  Jciir ,  vol.  xx,  page  93. 
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are  apparently  enclosed  in  a  network  of  fibers.  The  granule* 
are  about  a  inillitiieter  iu  widtli  and  vary  from  two  to  threv 
miliinetera  in  length,  and  when  carefnlly  removed  and  fiBc- 
tiired  they  break  up  into  transparent  irregnlar  particle*.  If 
the  granules  are  difsolved  in  alcohol  there  remains  a  mass  of 
microBCOpie  mycelial  threads  indicated  by  the  hair  lines  In 
figare  4,  and  more  clearly  shown  in  figure  5.  Miss  Sonthworlh,* 
of  the  Agnciiltnral  Department,  after  studying  both  specimene, 
declared  them  to  be  identical,  and  found  that  these  microscopic 
fibere  are  arranged  in  a  more  or  lesB  parallel  manner,  and  some- 
times great  numbere  are  closely  bound  together  or  \vunii<l 
around  each  other,  forming  a  distinct  branching  cord  np  lo 
half  a  millitneter  in  diameter.  The  fibers  arc  also  branching, 
wavy  in  outline,  with  thick  colorless  wall,  narrow  thread-Iiie 
lumen,  and  occasional  swellings.  They  are  often  terminated  by 
forms  such  as  are  seen  in  figui-e  fi,  and  there  are  other  features 
which  must,  however,  be  left  to  the  mycologist  to  investigate. 

Just  what  function  this  resinous  material  plays  in  the  life  of 
the  plant  is  not  now  known.  Its  presence  can  hardly  be  acciden- 
tal, for  its  association  with  the  fungus  is  persistent  over  a  wide 
area.  It  is  diflScult  to  conceive  of  a  fungus  penetrating  a  mass  of 
reain  with  snch  regularitj'.  It  would  seem  more  probable  that 
the  irritation  of  its  presence  caused  an  exudation  from  the  tre* 
which  was  appropriated  by  the  fnngus  either  for  ite  nourishment 
or  its  preservation  from  destruction. 

A  final  word  conenrning  the  supposed  medicinal  and  histiif- 
ical  character  of  the  fungus  may  be  interesting. 

Mr.  W.  W.  Calkins  of  Chicago,  who  has  described  a  speci- 
men obtained  from    Michigan,  asserts   that  this  substance  " 
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Art.    VII.  —  Development  of  Bilohites ;    by   Charles    E. 

Beecher,  Ph.D.    (With  Plate  L) 

The  Linnean  species  so  well  known  under  the  name  of 
Orthis  hiloha^  and  so  widely  distributed  in  the  Silurian  rocks 
of  the  world,  represents  one  of  the  very  distinct  members  into 
which  the  Orthis  group  is  now  divided.  It  is  much  removed 
from  ordinary  Orthis  in  general  external  features,  and  only  by 
means  of  developmental  characters  is  it  possible  to  arrive  at 
any  idea  of  its  genetic  history. 

After  having  been  referred  to  various  genera,  including 
Anemia,  Terebratula,  Delthyris,  and  Spirifer,  by  different 
authors  prior  to  1848,  Davidson*  first  showed  conclusively, 
from  a  study  of  the  internal  characters,  that  the  true  relations 
were  with  the  genus  Orthis.  Its  position  has  since  remained 
unchallenged,  and  subsequent  investigation  has  not  brought 
forth  any  new  characters,  nor  invalidated  the  results  obtained 
by  Davidson.  The  additional  observations  here  made  concern- 
ing the  development  of  the  shell,  while  adding  to  our  knowl- 
edge of  the  species,  merely  serve  to  bind  more  closely  this  form 
to  the  group  having  the  broad  designation  of  Orthis.  Prof. 
King  in  1850t  proposed  the  genus  Vicodosia  for  this  species, 
on  account  of  its  characteristic  form,  and  authors  disposed  to 
divide  Orthis  have  recognized  this  name.  Since  then,  it  has 
been  shown  that  Linne  gave  the  generic  term  Bilohites  to  the 
type  species  of  King's  genus,  and  this  name  is  now  generally 
adopted  with  the  rank  of  a  subgenus.  The  validity  of  the 
specific  names  applied  to  variations  from  the  typical  form  is 
not  of  much  moment  in  this  place,  although  the  geologic  his- 
tory and  interpretation  of  these  differences  are  of  considerable 
interest.  Two  well-defined  varieties  or  species  are  recognized 
in  Sweden,  and  are  represented  in  outline  by  figures  2  and  28, 
Plate  I.  The  prevailing  form  in  the  Wenlock  shales  at 
Dudley,  England,  agrees  with  figure  28,  and  also  represents  the 
ordinary  form  from  the  Niagara  Group  of  Indiana  and  New 
York.  Each  locality,  however,  presents  minor  differences, 
mainly  of  local  interest,  and  seldom  of  varietal  importance. 
In  Western  New  York,  besides  the  ordinary  form  with  both 
valves  convex  there  is  found  an  arcuate,  deeply  bilobed  variety, 
agreeing  with  the  extreme  of  the  Swedish  B,  hilohus^  var. 
Vtmeuilianus  Lm.,  represented  in  figure  2.  The  lobes  of 
the  New  York  variety  are- commonly  more  divergent,  as  shown 

♦Bull.  Soc.  G^l.  France,  2d  ser.,  vol.  v,  p.  321,  t.  3,  fig.  18,  1848. 
f  Monograph  Permian  fossils,  page  106,  1850. 
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in  the  outHne,  figure  1.  This  fonii  wasreeentij-  described  bj 
Riiigueberg,  as  Orihis  ucutilfilja* 

The  Lower  Helderberg  species  known  as  B.  varicve  Connd, 
sp.,  preeents  an  iimount  of  departure  from  typical  B.  hiMnu, 
as  would  lie  anticipated  from  tlie  change  in  the  chronolo^cal 
and  physical  conditions  of  the  species,  combined  with  ite  ex- 
tremely prolific  development  at  this  time.  The  abundauce 
and  companitively  large  size  of  individuals  clearly  indicate 
most  favorable  conditions  for  tlioir  existence  and  multiplica- 
tion, and,  also,  for  the  assumption  and  transmission  of  an^ 
viirietal  formt  in  harmonj-  with  the  environment 

Mature  iiidividuiils  from  Dudley,  England,  and  Gotland. 
Sweden.  re])resented  by  ligui-e  28.  cori-esj>ond  in  all  characters 
with  specimens  of  B.  vitrlcun  which  are  about  half  or  two- 
ihirds  grown.  After  reaching  the  adult  bilohua  stage,  B. 
raricus  continues  its  growth,  but  this  subsequent  increment  is 
geratologic  in  its  nature,  although  such  senile  features  are  here 
the  conditions  of  simple  maturity  or  the  completed  ephebolir 
^lage.  Kvidences  of  tliis  are  seen  in  the  gradual  ohsolescenct' 
of  the  pronounced  Juhatiun  of  the  shell  and  the  cessation  uf 
:ii-eal  growth  in  the  nealogic  period.  The  form  known  as  B. 
hifohuH,  var.  YenieutfianvH,  Lm.,  from  (rotland,  shows  a  tend- 
ency to  develo})  in  the  opposite  direction,  as  the  lobation  be- 
comes moi'o  and  more  jironounccd  with  growth,  and  the  shell 
exceeds  in  size  the  normal  species.  The  decrease  in  the  loba- 
tion of  B.  vfirii:n>i  is  a  degeneration  towards  an  embryonic 
character,  while  the  arrested  areal  development  produces  a 
fiiiidition  uf  partial  isomorphism  resenililing  one  of  the  higher 
nf  Orthis.  such  as  Khipid ■Ila  i  7.'.  MIrh.!;,,;  [  ' 
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grown  and  fully  developed  specimens  of  Bilobites  varicusj 
Conrad,  sp.,  can  still  be  picked  up  in  considerable  numbers  in 
the  soil  lormed  of  the  decomposed  limestones.  The  species, 
however,  is  not  so  abundant  as  formerly.  Professor  James 
Hall  is  authority  for  the  statement  (Pal.  N.  Y.,  vol.  iii,  p.  493), 
that  forty  thousand  individuals  were  collected  between  1843 
and  1853,  and  about  four  thousand  in  the  four  following  years. 
The  young  specimens  have  been  obtained  only  by  carefully 
examining  the  decomposed  surfaces  of  the  limestones,  and  by 
treating  with  hydrochloric  acid  slabs  of  rock  in  which  the 
fossils  are  replaced  by  silica.  After  considerable  labor  and 
search,  about  a  thousand  individuals  have  been  obtained. 
From  this  number,  it  has  been  possible  to  select  a  series  of 
over  foity  specimens,  showing  stages  of  growth  ranging  from 
shells  a  little  less  than  one-half  a  millimeter  in  length  to  a 
length  of  nine  millimeters ;  thus  representing  the  development 
between  these  limits  by  almost  insensible  gradations. 


Developmental  Changes  in  Bilobites  varicus. 

In  the  youngest  specimens  yet  detected,  mciisuring  '49'"°^  in 
length,  and  semi-elliptical  in  outline,  the  dorsal  valve  is  longer 
than  the  ventral ;  the  hinffe  is  equal  to  the  greatest  width  of 
the  shell ;  both  areas  are  nigh,  subequal,  and  perforate  by  a 
triangular  fissure  in  each  valve.  In  rare  instances,  the  pedicle 
covering,  or  pseudo-deltidium,  is  retained  in  young  shells. 
Figure  1  of    the   ventral  area,  shows  the  fissure  and  pedicle 

1.  covering,   with   the   foramen  at  the 

apex  of  the  beak.  The  covering  is 
soon  absorbed  or  abraded  during  sub- 
sequent growth,  and  the  pedicle  then 
emerged  through  the  fissure  below. 
None  of  these  characters  obtain  in 
B.  varicus,  ventral  area,     x  25.  the    ncalogic    or    epliebolic    stages, 

which  are  represented  by  a  cordate,  bilobed  shell ;  dorsal  valve 
shorter  than  the  ventral  ;  hinge  line  much  shorter  than  the 
width  of  the  shell,  and  an  inconspicuous  dorsal  area  without  a 
fissure. 

The  series  of  outlines,  figures  11  to  20,  drawn  to  the  same 
scale,  illustrate  both  the  important  changes  which  take  place  in 
the  general  form,  and  the  corresponding  increase  in  size  from 
stage  to  stage.  The  rounded  frontal  margin  of  figures  11  and  12, 
becomes  straight  in  figure  13,  and  in  figure  14  a  gentle  sinus  is 
apparent,  which  is  pronounced  in  figure  15,  and  thereafter  is 
the  conspicuous  character  of  the  entire  shell  up  to  the  ephe- 
bolic  stage  represented  by  figure  23.     Figures  24  and  25  show 
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that  npoQ  reaching  matnritv  a  geratoli^c  tendency  to  oblite- 
rate tlie  mar^nai  Eions  ie  initiated  :  tbns  d^eneratiDg  to  in 
embrronal  condition  of  lobatioa  similar  to  tipnre  14. 

The  length  of  the  hin^  line  from  an  initial  dimension  equal 
to  the  greater  width  of  the  shell  becomes  equal  to  bat  oue- 
balf  the  width  of  the  shell  in  a  specimen  S^S™"  wide ;  and  in 
a  full  grown  individaaL  as  represented  bv  ti^are  25,  the  hinge 
is  not  more  than  one^narter  the  width  of  the  shell.  From 
having  snl>cqaal  areas,  the  change  is  rapid,  so  that  in  a  ver; 
earlr  i^tage,  bnt  two  or  three  removes  from  the  initial  one  of 
the  series,  the  ventral  area  is  the  larger  and  the  iissnre  higher. 
This  ratio  prr^ressivelj  increases,  and  after  the  shell  reaches  a 
length  of  1-5°'"'.  the  dorsal  area  ceases  to  be  a  conspicaous 
feature.  All  areal  growth  and  hinge  extension  end  in  the 
middle  nealogic  period,  and  to  this  cause  is  dne  the  great  dis- 
parity between  the  length  of  the  hinge  and  the  width  of  the 
shell  in  epheboiic  individuals.  The  nepionic  shells  show  some 
extension  of  the  .cardinal  angles,  but  the  auricnlatioii  does  not 
become  apparent  until  the  lohation  of  the  valves  is  initiated. 

On  acconnt  of  the  greater  length  of  the  incipient  dorsal 
vaive  and  consequent  obliquity  of  the  area,  the  fissure  and  area 
of  that  valve  may  l)e  seen  when  the  shell  is  viewed  from  the 
ventral  side,  as  in  figure  10,  and,  consequently,  the  ventral  area 
is  concealed  from  the  dorsal  aspect,  as  Bhown  in  figures  3-9. 
and  11-15.  This  is  a  remarkable  reversion  of  characters,  and 
one  which  appears  to  be  of  considerable  significance  from  a 
pliylogenetic  standpoint. 

The  radiating  strite  first  appear  on  the  lower  half  of  the 
initial  shell  of  the  series,  indicating  that  in  an  earlier  condition. 


C.  jfil  Beecher — Development  of  BUohites, 


55 


These  features  are  maintained  until  the  nealogic  stage  repre- 
sented by  figure  15,  after  which  arrested  hinge  extension  and 
increasing  areal  growth  in  the  ventral  valve  rapidly  obliterate 
the  early  characters,  and  in  addition,  the  growing  lobation  of 
the  valves  emphasizes  the  expression  of  Bflobites. 
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Figure  2.— Genesis  of  Bilol)ite8. 

a,  iiopionic  stage  (  x  4).     Ordovician  type  like  Flatysiraphia  hiforata. 
h,  nealogic  period  {  x  4)  at  which  divergence  begins. 

c,  Bihhiles  bilobus  (  x  2).     Epaomic  form.  Niagara  Ijorizon. 

d,  BUohitfa  Vearntuilianus  (  x  2).     Acmic  form,  Niagara  Iiorizon. 

€,  Bilohites  variais  (  x  2).     Paracmic  form,  Lower  Helderberg  horizon. 

The  genesis  of  the  species  is  represented  in  the  accompany- 
ing illustrations,  in  which  it  is  shown,  that  all  these  species  are 
alike   in  their  development  up  to  an  early  nealogic  period, 


fi^nrei.  B.  Vemtu'liOHut,  lif^re  </.  diverges  at  this  puint, 
pmfiTcfiBtTeIr  iDpreadng  its  v^ariatioQ  fnHn  tbe  Dumial  direct 
pr*>irth,  Ki  exemplified  in  ZT.  htMu^,  fiifnre  d:  5,  dariciw, 
figure  1.  paaetfi  ttroo^  all  llie  hihjfuni  stages,  and  cnlminat^ 
in  larger  itKlividnaU,  with  leiSF  proDonnoed  lobation  of  tbe  fbell. 

The  direct  line  nf  development,  or  tbe  epaone.  is  repre- 
M»ited  hj  h.  hlhjhuM.  aiid  it  is  ^ifrniticanl  that  tbi$  fonn  al^ 
haa  I  be  greatest  geological  and  geo^rraphical  distribiition. 
Xexl.  ibedirer^nt  and  indirect  line,  or  aemic  ^ronp,  tvpiSf^ 
bj  B,  Vtmxuiti'tn\t»  and  B  ae'itUnbtUy  ie  also  widely  Aa- 
iriltDted,  bnt  lees  go  tbao  the  lirst.  Fioallv,  tbe  paraeinic,  ur 
frvntrdogbiu  form.  B.  tari'-u^.  culminated  and  di^ppeared 
within  rery  narrow  time  and  regional  limits. 

V»le  Jtnseuoi,  Sew  Itarcn.  Codd. 

ksplasatios  of   PLATK   I. 
Bilat»'lt>  ocsliIffttM.  Riogueberc. 
F16VKS  I. — Outline  of  ipramen  rroni  Xiagan  Group.  Laeipnrl^  X.  T.     xl. 

Bilobttet  VerneaiUi>K9i.  [indstTMu. 
I'liirsE  !.- -Common  elon^le  form  from  Upper  Silurian,   GoUmtd.  jftjafai.     'I- 

Bilfiiit-t  farinu.  Conrsd. 
FtecMB  3. — Dorsal  view  uf  j'ouogest  individiuil  Db!«rvnl;  lowing  iocepliaDol 

rBdiaiing  scriie  and  coDcenlnieal  at  hinge  areas,      x  le. 
PiBcai  4. —  Profile  of  «ame ;  showing  depili  and  eiteai  of  both  valieB.     «  ti. 
Ftecae  5.— Hinge  view  of  precpdiug.     k  18 
FmrKE  G,"IlorBal  side  of   •^(^men:   showing  beginning  of  anterior  ipi<puil 

l*iD.J9.       X  IS. 

FiemiE  7.— Proflle  of  Mme.      x  I  8. 
Vvivax  H.  —  Posltrinr  view  of  same.      «  1 9. 

{  npecimtn.  Dgure  15,  showing  ooncealment  of  vratnl 
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Art.   VIII. — Omdinite  from   Nova  Scotia;    by  Louis  V. 

PiRSSON. 

The  zeolites  of  Nova  Scotia  have  long  been  noted  for  the 
size  and  perfection  of  their  crystals,  and  among  them  ^melinite 
has  held  a  prominent  place.  Originally  described  by  Jackson* 
under  the  name  of  ledererite,  it  was  first  proved  to  be  identical 
with  the  gmelinite  of  European  localities  by  Des  Cloizeaux,t 
from  crystallographic  measurements.  This  was  subsequently 
confirmed  by  analyses  published  by  Marsh.  :|:  Analyses  have 
also  been  published  by  A.  B.  Howe,  referred  to  later.  Beyond 
these  observations  there  seems  to  have  been  no  investigation  of 
the  crystal  form  and  physical  properties  of  the  mineral  from 
American  localities.  This  has  been  undertaken  chiefly  upon 
material  collected  during  the  past  summer  at  Pinnacle  Island, 
one  of  the  "  Five  Islands"  in  the  Basin  of  Minas,  Nova  Scotia. 
An  analvsis,  which  was  made  to  control  the  results  of  the  inves- 
ligation,  having  brought  out  some  interesting  facts,  a  discus- 
sion of  the  chemical  composition  has  also  been  added.  And 
since  gmelinite  has  been  referred  by  some  authors,  especiallv 
Tamnau§  and  Streng,||  to  chabazite,  all  points  bearing  on  this 
question  have  been  kept  in  mind  and  are  here  presented. 

The  gmelinite  from  Five  Islands  occurs  in  seams  implanted 
in  a  greatly  decomposed  trap.  The  crystals,  often  of  large  size, 
vary  in  color  from  a  very  pale  flesh-red  to  a  strong  reddish- 
brown.  In  thin  section  they  are  seen  to  be  composed  of  a 
colorless  outer  shell  or  zone,  inclosing  a  colored  inner  nucleus. 
In  grinding  the  sections  it  was  noticed  that  the  outer  shell  was 
hard  and  tough,  preserving  the  crystal  boundaries,  while  the 
inner  portion  was  spongy,  cellular,  somewhat  friable  and 
readily  crumbled  away.  In  large  crystals  the  separation  into 
parts  of  the  colorless  outer  shell  and  the  colored  nucleus  can 
be  readily  seen  with  the  eye  at  a  trihedral  angle.  There  were 
no  inclusions  seen  in  thin  section,  only  a  slight  discoloration 
along  the  cleavage  cracks  and  occasionally  elsewhere.  The 
crystals  from  Two  Islands,  Nova  Scotia,  and  Bergen  Hill,  N.  J., 
studied  in  connection  with  these  are  white,  often  with  a  pink 
tinge,  translucent  and  apparently  entirely  homogeneous.  Some 
in  Professor  Brush's  collection  labeled  Parsborough,  Nova 
Scotia,  are  similar  to  those  from  Five  Islands  and  may  indeed 
have  come  from  that  locality. 

♦  This  Jour.,  xxv,  pp   78,  18H4.  f  Man.  de  Min.,  pp.  398,  1862. 

(This  Jour,  xliv,  pp.  362,  1867.  §  Jabrb.  f.  Min.,  pp.  633,  1836. 

Ber.  d.  Oberhes^.  Ges.  f.  Natur  u.   Heilkunde,  xvi,  pp.  74,   1877;   also  full 
abstract  in  Zeitschr.  f.  Kryst.,  pp.  619,  vol.  i,  1877. 
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The  following  table  shows  the  forme  which  have  been 
observed  on  these  crystals,  several  of  which  are  new.  In  the 
first  cohinm  the  symbols  are  those  of  ginelinite  as  a  distinct 
species,  in  the  second  the  same  are  referred  to  the  axes  of 
chabazite. 


/,  i-i.    6270 


i-i,    52^0 


A>imi 

'llnltr. 

r,H, 

01    1 

i,  2023 
-1.     0223 

I  i'' 

3or2 

13  1 

R,      lOll 

.\',   8  61 

Of  these  forms  r,  a,  I  and  y  are  rare,  the  others  occur  on  alt 
crystals,  almost  withotit  exception,  from  American  localities. 
The  basal  plane  n  occurs  only  on  a  few  crystals  from  Twd 
Islands  and  on  a  number  of  those  from  Bergen  Hill.  As 
noted  by  others,  the  fact;  p  is  generally  characterized  by  the 
vicinal  development  of  a  pair  of  low  scalenohedrons.  The 
prism  tn  is  not  generally  striated  in  a  horizontal  dii-ection,  as. 
observed  on  I^iiropeaii  forms.  The  scalenohedron  f  is  invaria- 
bly striated,  oscillating  with  both  the  plus  and  minus  rhomho 
hedrons  and  in  some  cases,  possibly,  with  a  pyramid  of  the 
second  order  and  a  minus  form  of  the  same  scalenohedron. 
Many  crystals  show  on  the  goniometer,  by  revolving  in  the 
zone  r-ft,  a  continuous  band  of  light  with  the  signals  of  these 
faces  standing  out.  The  scalenohedron  mentioned  is,  however, 
most  prominent.  The  presence  of  this  striated  ecalenohedroii 
^  is  the  most  characteristic  feature  of.  the  American  forms,  it  is 
almost  never  lacking  on  any  of  the  large  number  of  specimens 
examined.  A  common  api^earancc  ot  one  comer  of  the  Pin- 
nacle Island  crystals,  where  it  oscillates  with  the  rhonibohedre 
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ai  were  extremely  good  and  it  is  not  far  from  the  average 
bem  all.     From  this  we  derive  the  axial  ratio : 

a  :  c  : :  1  :  0-734486 

re  refer  gmelinite  to  the  axial  ratio  of  chabazite,  commonly 
ipted  where  r/sr=85°  14'  and 

a  :  c  : :  1  :  1  -0860 

prominent  rhombohedron   of  gmelinite  becomes  f,  2033, 

this  requires  a  length  on  the  vertical  axis  of  chabazite  of 
:0  and  a  polar  angle  of  67°  28'.  These  Pinnacle  Island 
;tals  would  not  permit  of  so  great  an  error  in  the  determi- 
on,  if  they  were  referable  to  the  axis  of  chabazite.  The 
nssion  of  this  point  will  be  referred  to  later.  The  foUow- 
table  gives  the  calculated  and  measured  angles  which  show 

identilication  of  the  forms.  The  first  column  of  figures 
5S  the  theoretical  angles  calculated  for  this  species,  the 
md  gives  the  theoretical  ones  calculated  by  DesCloizeaux, 

the  third  those  calculated  from  the  axes  of  chabazite : 


Formn. 

Calc.           Dx. 

Chab. 

MeaB. 

^r     mil  A  1101 

♦GH'OS'    ^V:\A' 

67*'28' 

See  above. 

aW  lOll  a  loTo 

49  42  ♦50  03 

50  06^ 

49"40'-50°02'av.  of  8  = 

=  49'46' 

aP     lOll^Olll 

37  44i  37   27 

37    24^ 

37  30-37  51    av,  of  7  = 

=  37   39 

^q     lOlO^aO.Ti 

38    10        

38  34^ 

38  48 

v^    4377^7.147 

29  21^      

29  04f 

29  33    29  58 

.0    1011^43^7 

IG  04^      

15  56^ 

16   14    16  00 

a    10lO>v  1120 

30              



29  56 

/     1010a5270 

16  06        



16  30 

•easons  stated  before,  none  of  these  angles  could  be  meas- 
with  great  accuracy,  yet  the  averages  agree  better  with 
leory  presented  for  these  crystals  than  that  given  by  Des 
aux.      The  angles  of  the  sealenohedron,  as  given  above, 
leasured  on   a  crystal   from   Two  Islands  where  it  was 
t  almost  without  striations.     This  crystal   is  shown   in 
In  all  of  the  figures  the  crystals  are  shown  revolved 
0  the  position  of  a  minus  rliombohedron,  it  liaving  been 
hat  this  gave  a  better  view  of  them.     AVith  the  excep- 
ted, all  the  ineasurements  given  in  the  foregoing  are 
ystals  from  Five  Islands. 

niny. — The  twinning  of  gmelinite  has  never  to  our 

ge  been  observed,  l>eyond  a  brief  note  as  to  its  possi- 

an  article  bv  Howe,  mentioned  later.     In  examining 

Df  specimens  I  have  discovered,  liowever,  numerous 

of  a  twinning  on   the   basal  plane.     All  that  have 

rved  were  penetration  twins.     They  are  often  shown 

)wth  of  the  sealenohedron  f  and  small  f)  face,  as  pre- 

fig.  8,  directly  out   from  the  plane  of  the  positive 

iron.     This  method  of  twinning  is  shown  in  fig.  2,  an 
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example  ^rhich  did  not  have  the  centers  of  the  two  indiridDik 
coincident  Fnrther,  the  figure  shows  a  common  habit  in  the 
development  of  the  forms.  The  second  method  of  twinning  is 
that  in  which  the  |  rhombohedron  becomes  the  twinning  pluie. 


Tills  was  first  seen  on  a  specimen  from  Parsborongh,  whicb 
preeented  a  nuniber  of  examples;  it  was  afterwards  observed 
on  a  unmber  of  other  specimens.  In  all  of  these  the  twins 
were  larjri'  sized  <-i->-tiii-.      An  cxainplt- ..f  rlii-  : 
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ver  the  twinning  plane  in  two  cases  and  found  to  be  2**  21' 
nd  2°  55',  while  theory  would  demand  from  our  gmelinite 
itios  4°  16'  and  for  the  chabazite  2°  39'.  It  should  be  stated, 
O'wever,  that  the  two  p  faces  on  each  pair  of  the  measured 
svins  showed  the  low  vicinal  scalenohedron,  characteristic  of 
lis  face,  and  this  of  course  tended  to  diminish  the  measured 
ngrles. 

Indices  of  refraction. — Three  prisms  were  cut  from  differ- 
nt  crystals,  by  using  the  plane  m  lor  one  face  of  the  prism  and 
:rinding  another  in  the  prismatic  zone.  In  the  first  one  only 
iras  any  well  defined  double  refraction  detected  by  the  eye ;  in 
he  other  two  the  image  of  the  slit  was  measured  by  holding 
he  analyzer  in  front  with  the  shorter  diagonal  vertical  and 
horizontal.     The  three  gave  : 

G?Na  1-4760  1-4646  1-4770 

£Na  1-4674  1-4637  1-4765 

There  is  therefore  a  very  weak  negative  double  refraction 
«^hich  varies  in  different  crystals,  the  averge  was  fi>Na  —  eNa 
'or  the  above  =  0033,  while  Negri*  found  a>Na— eNa  ='0018 
n  crystals  from  Montecchio  Maggiore. 

Optical  characters. — In  a  section  cut  normal  to  the  vertical 
ixis  it  is  seen  under  the  microscope,  between  crossed  nicols, 
;hat  the  section  is  not  uniformly  dark,  but  that  slight  optical 
inomalies  present  themselves,  somewhat  as  in  leucite.  There 
ices  not  seem  to  be  any  definite  separation  into  parts,  which 
ivould  show  the  crystal  composed  of  several  individuals  In 
itrongly  convergent  light  the  uniaxial  interference  figure  is 
>een,  and  at  some  places,  in  revolving,  this  generally  opens  a 
;rifle,  with  the  arms  of  the  cross  assuming  the  position  of 
lyperbolas.  This  is  most  marked  in  the  hard  outer  shell,  men- 
;ioned  before,  where  a  small  but  distinct  separation  can  be 
leen.  These  characters  explain  very  clearly  the  variation  in 
;he  indices  of  refraction  in  different  crystals  noted  above. 

Cleavage. — The  prismatic  cleavage,  first  noted  by  Rose,  is 
easily  produced  but  is  never  very  perfect.  In  a  basal  section, 
inder  the  microscope,  it  is  seen  as  a  series  of  cracks  parallel  to 
;he  prism  edges.  An  endeavor,  to  determine  whether  a  rhom- 
[)ohedral  cleavage  existed,  or  not,  met  with  only  partial  success. 
A.  series  of  fragments,  with  the  faces  of  the  prism  and  unit 
rhombohedron  upon  them  for  orientation,  were  placed  on  the 
goniometer.  Upon  revolving,  the  prismatic  cleavage  always 
jave  a  refiection  and  in  a  number  of  cases  there  were  reflected 
faint  but  distinct  signals  in  the  zone,  from  small  faces,  which 
jave  measurements  irom  the  prismatic  cleavage,. as  follows: 

19*  42',      49°   36',     49°  50',     49°  43',     49*  55',     50°  06',     49°  02' 

*  Zeitschr.  f.  Kryst.,  xiv,  p.  584,  1888. 
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Our  tIieor>-  domands  for  ma^t,  lOlO^lOll,  of  gmelinite 
49°  42'.  In  two  cases  the  above  were  meaeured  both  as  poa- 
tive  and  negative  rhombohedpon  on  tlie  same  fragment.  Tbii 
latter  and  tlie  fact  that  tlie  cryetals  are  more  or  leas  cellalir 
internally,  renders  it  probable  that  these  reflections  came  from 
ininnte  interior  faces, 

Cfiemicitl  t;i}tiipoiiiti<m.~\i\  order  to  obtain  a  control  over 
the  crystallograjiliic  work  on  the  Five  Islands  gmelinite,  tirn 
analvscs  A  and  B  have  been  made.  In  A,  the  enter  shell  men 
tioned  before,  was  analyzed,  and  in  B  the  inner  nucleus.  The 
material  was  easily  obtained  by  taking  iine  crystals  and  split- 
ting oif  the  shell  by  prcBsnrtj.  The  fragments  tbns  obtained 
were  perfectly  colorleSs,  tlie  inner  portion  had  the  usual  flesh 
color.  Huth  gi-onnd  to  a  pure  white  powder.  The  analyses  on 
the  air-dried  material  were  as  follows: 


100-09  100-66 

It  will  be  observed  that  the  analyses  show  no  difference  be- 
tween the  tw'i  £KirtioTis.  Also  the  specific  gravity  carefully 
t&kcn  with  the  heavy  solution  was  found  to  be  2  037,  the  same 
for  both.  The  most  marked  result  of  t!ie  analyses  U  the  very 
small  amount  of  iime  and  large  amount  of  soda  indicated. 
Analyses  of   American   ijmcliiiite,  tin    material    from   Two 
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pst  a  hydrated  albite  molecule,  the  second  a  hydrated  soda 
bite.  If,  according  to  this,  we  deduce  the  composition 
ited  by  the  analyses  of  the  three  gmelinites,  replacing 
3y  lime  to  the  extent  observed,  we  have 

Two  Islands  =iiSx-\-y  in  which  Na  :  Ca : :  2    :  3' 
Bergen  Hill   =3a;-fi/        "         Na:Ca::  3-2:1 
Five  Islands  =^x-\-y        "        Na  :  Ca  : :  8    :  l 

e  theoretical  composition  for  these  formulas  is  given,  for 
mience,  in  the  table  after  each  analysis.  The  very  close 
ment  of  the  theory,  calcuLated  for  these  simple  relations, 
the  analyses  themselves  is  very  striking  and  a  strong 
of  the  correctness  of  Strong's  theory.  In  chemical  com- 
on  we  may  consider  typical  gmelinite  as  a  soda  chaba- 
kvliose  relation  to  the  normal  lime  chabazite  is  the  same  as 
or  instance  of  lithiophilite  to  triphylite. 
riclnslon. — In  considering  the  bearing  of  the  foregoing 
upon  the  identity  of  this  mineral  with  chabazite  there  is 
)parent  discordance.  The  result  of  the  crystallographic 
,  points  to  a  distinct  difference  in  axial  ratios  and  there  is 
I  different  habit  and  cleavage.  On  the  other  hand  the 
ling  and  the  chemical  constitution,  both  following  that  of 
zite  present  the  strongest  possible  arguments  for  the 
Lty  of  the  species.  To  explain  these  apparent  discrepan- 
the  following  hypothesis  is  offered.  The  analyses  of 
zite  and  gmelinite,  made  by  various  chemists,  show  that 
and  lime  inay  replace  each  other  to  any  extent,  but  that 
lelinite  the  soda  is  in  excess,  while  in  chabazite  tJie  reverse 
le.  If  we  consider  then,,  that  the  effect  of  the  soda  is  to 
lien  somewhat  the  vertical  axis,  the  difference  in  angles 
atios  w^ould  be  accounted  for  and  we  might  expect  it  to 
^e  also  the  habit  and  cleavage.  While  this  cannot  be 
iered  otherwise  than  a  hypothesis,  the  fact  that  in 
ive  Island  material  under  examination  these  differences 
reater  than  noted  by  any  former  observer,  while  at  the 
time  the  percentage  of  soda  is  also  greater,  points  dis- 
y  towards  it.  According  to  this  view  gmelinite  would 
[nuch  the  same  relation  to  chabazite  that  enstatite  does  to 
•sthene,  whether  it  should  be  considered  a  distinct  species 
i  be  largely  a  matter  of  choice  or  convenience, 
closing  the  author  desires  to  express  his  thanks  for  the 
1  use  of  valuable  material  to  Professor  G.  J.  Brush  and 
•ofessor  S.  L.  Penfield,  to  the  latter  also  for  valuable 
e  during  the  progress  of  this  examination. 

ralogical  Laboratory,  ShefiBeld  Scientific  School, 
New  Haven,  Feb.,  1891. 
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Art,  is, — Analyses  of  KamaciU,  Tmiitr^  and  Phstlte  frim 
the  Weliand  MeUoric  Iron  ;  *   by  John  M.  Davisos. 

The  BideroHte,  which  forms  the  subject  of  this  paper,  u 
deacribed  by  Edwin  E.  Howell  on  pages  86-87  of  the  Pro 
ceedinga  of  the  Rochester  Academy  of  Science  for  1890.  Its 
analysis  gave  Fe  I'l'lT  and  Ni  fi'54.  It  ia  singularly  free  from 
troibte  and  schreibersite  and  thus  offered  an  unnsually  goo-i 
opportunity  for  the  analysis  of  its-  separated  nickel-iron  alTojf, 
Ou  sawing  the  meteorite,  the  ontside  was  foun'd  much  decom- 
posed ;  bnt  between  this  and  the  compact  center  was  a  zone  in 
which  the  oxidation  was  superticiai  and  confined  forthe  most  part 
to  planes  of  contact  of  the  different  uickei-iron  alloys  that  fom 
the  Widmanstatten  figures.  It  thus  became  possible  to  separate 
the  kamacite  and  the  tienite  in  'quantities  sunicient  for  analyHin 
The  qnantity  of  kamacite  used  for  analysis  was  gm.  0'934,  of 
tffinite  gm.  U-i522. 

The  pliysical  characters  of  these  alloys  differ  widely.  The 
kamacite  is  brittle,  breaking  with  a  snbconchoidal  fracture,  and 
is  of  the  color  of  east  iron.  It  was  coated  with  a  thin  film  of 
black  oxide  which  had  often  a  resinous  Ulster  ae  if  covered  with 
lac(|iier.  particularly  where  the  ta-nite  had  been  freshly  stripped 
off.  This  oxide  ie  attracted  by  the  magnet;  and  is  probably 
the  magnetic  oxide  Fe,0,.  Some  pieces  of  kamacite  of  i 
millimeter  or  two  in  thickness  were  entirely  altered  to  this 
oxide.  The  kamacite  shows,  in  places,  a  corrugated  sui  face,  in 
some  specimens  resembling  bandies  of  rods,  like  the  colomnv 
structure  of  hematite.     Figures  1  and  2  show  this  columnar 
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of  kamacite  and  enveloping  the  crystals  of  plessita  Figures  3 
and  4  show  plates  of  kamacite  which  were  in  close  contact,  and 
when  separated  were  found  to  have  been  joined  by  a  little 
triangular  prism  of  the  same  substance. 

It  was,  at  first,  intended  to  analyze  the  plessite  as  a  whole ; 
but  on  examination  its  fine  layers  were  so  suggestive  of  kama- 
cite and  t^enite  that  the  attempt  was  made  to  separate  them, 
and  to  analyze  each  separately.  It  was  found  that  one  was 
brittle,  the  other  flexible  and  elastic  ;  one  dark  with  superficial 
oxidation,  the  other  showing  the  taenite  luster.  Physicallv 
their  correspondence,  the  one  with  kamacite,  the  other  with 
tsenite  was  exact,  and  in  the  kamacite-like  part  the  columnar 
structure  was  shown  on  a  diminutive  scale,  the  diameter  of  the 
rods  being  from  ^-J  mm. 

Their  separation  then  became  simply  a  matter  of  patience, 
and  with  tne  aid  of  a  watchmaker's  glass,  and  a  magnetized 
needle  to  pick  up  the  grains  and  flakes,  most  of  which  were  too 
small  for  even  delicate  forceps  to  handle,  there  was  obtained 
for  analysis,  of  the  part  resembling  kamacite  gm.  0*5261,  of 
that  resembling  tsenite  gm.  0'1314.  The  thickness  of  the 
kamacite  was  from  1-2  mm.,  that  of  the  teenite  from  -^-^ 
mm.  In  the  plessite  the  kamacite-like  bands  were  from  y-^^q 
mm.  thick ;  the  tsenite-like  bands,  as  nearly  as  could  be  meas- 
ured, from  x^ir~riT  ""^• 

The  method  of  analysis  was  the  same  in  each  case.  The 
material  was  gone  over  repeatedly,  piece  by  piece,  with  a 
watchmaker's  glass  and  very  carefully  assorted  and  cleansed, 
the  pieces  of  kamacite  being  scraped  bright.  It  was  not  possi- 
ble to  do  this  to  any  extent  with  the  kamacite-like  part  of  ples- 
site. It  was  dissolved  in  dilute  hydrochloric  acid  by  the  aid  of 
a  weak  galvanic  current,  at  the  positive  pole  of  the  battery. 
The  carbon  thus  separated  was  collected  on  a  Gooch  filter  and 
burned.  The  nickel  and  cobalt  were  separated  from  the  iron 
by  digestion  in  ammonium  hydrate,  the  process  being  repeated 
four  times.  The  iron  was  weighed,  and  the  nickel  and  cobalt 
first  determined  together  by  electrolysis,  then  separated  by 
potassium  nitrite  and  each  determined  separately  in  the  same 
manner.  For  comparison,  the  analyses  of  kamacite  and  tjenite 
are  given  each  next  to  its  corresponding  part  of  the  plessite. 


Kamacite. 

Plessi 

te. 

Toenite. 

Kamacite-like  part. 

Taenitelike  part. 

Fe       93-09 

92-81 

72-08 

74-78 

Ni         6-69 

6-97 

25-87 

24-32 

Co          -25 

•19 

•83 

-33 

C             -02 

•19 

•91 

-50 

100-05  100-16  100-59  ^V^*^^ 


Tlnis*  :>CTa.siI  m.I  'Hieaii'Ml  ■s_-iTfc-pi"'aiiica'*s  jitfdfT.  I  think, 
the  ';i>oei5ia'>0  Kui  a  ae  Wcilaa-i  ■s-ienjCM  cHitr?  *re  boC  two 
■ifDdni^  niekfi-Lniii  illojs.  viz :  kiim^k^Cc  iiL>i  iLeofte :  utd  that 
ie  i<:-t-il^ie':    pic*r:-c   is   aiereij   u^i"   ^wrisar.iig  LinieU»  of 

Iz  in  oz^is^e  b>  fec^T^^ze  •.•a  i  :;a^l«  inaljsid.  bar  in  esimi- 
3ari':-n.  •)E  :iie  Earkiai*  .-t  ochtr  tceDe'jri'r  ehjoit  iB^£e»U  the 
ti»<tri:  :iiJE  :i  -'cmui  aI*:-  mere-  auiy  '-■*;  '7a:  tw-i  dii>naet  liloja. 
5'i«Ki  1.-1*  •±M  E^e*ts"ori<i' nu  :iie  G^.-rieca  M:.  ui<i  n.<4bJT  the 
Kif'WA  C->.  iOfi  zh>i  A^^s^iBtA  *"■;■_  Va.  2i«e«jrlres^.  In  >«t:rioD£ 
■>£  th*;  ;*rc  :■»■:■  iri.-cii  lz  Wiri  ^  H'>»-ci''-  t^:-Liiec>;.Q  e^err  piece 
■>r'  ^inf  *•:— ^xJeii  pi»es«3:r  in  linr  Aiiotri  0>-  iri.'Q  sD-.-wi  iE»  chin 
-am-eilit.  iz-i  in  riie  Ki-.-Ti  »!."■:■.  fikHjciCi;  :h«*  ^n-hizivos  oi  the 
mrsfzur?  Jr^  m-'C  zii^z  i=  pon^  ■  -c  "iie  in  -c  i"  W'l-ai'i  t*  difficult 
T.>  -SIT  wiii.^ii  -rii.jiL.i  V  ;ali*i  iin:*:::e  la-i  »iica  piestite. 

la  •itttsiizi^e  n^ece.ri-:  ir-.c  :L>;  iaautei'e  is  ^rua^sieti  bj  »cid 
more  rvsuHlv  rhaa  ilit  M&ciT.;  Hirii-rr  :3  ni-'kei-  Tiie  csitiie  »im1 
ptesffir-i  sciaii  ia  TeLiif,  W^fpr  ..ix>;ii*  •:•:■  a>:c  iii-.-w  in  pleseiEe 
•r.^-  3-  F  ■;!■  .itrij  'rn wi-i-i  "*G:Te  nia-L-  iuive  pr:.c*«ai  n«i^b">r- 
in^c  "ii.::ao;T*  !:!«■;?*  fr-n:  ii'L>i  ^id-.-c  ia>:  ^uiciiC  n-it  morv  eare- 
ru   .r  pr  i'jca*^:  tt^^iiuiiz  ■i-e^ei-.-p  ilmes  in  pieseiie  that  now 
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ated  by  the  carrent  of  certain  voltaic  cells,  as  compared  with 
the  amoant  generated  by  the  chemical  action  going  on  in  the 
cells ;  in  order  to  determine  the  exact  relation  or  these  two 
quantities.  The  heat  developed  by  the  current  was  ascertained 
by  means  of  a  silver  voltameter  placed  together  with  the  cell,  in  a 
calorimeter.  The  heat  evolved  by  the  chemical  action  was  deter- 
mined by  direct  calorimetric  means.  The  cells  examined  were  of 
the  Darnell  and  the  De  la  Rue  forms,  three  experiments  being 
made  with  each.  As  a  result  the  author  finds  that  with  the  Dan- 
iell  cell,  the  heat  equivalent  of  the  current  is  greater  than  that 
generated  chemically ;  so  that  in  the  working  of  this  cell,  heat  is 
absorbed.  On  the  other  hand  the  De  la  Rue  cell  shows  a  reverse 
effect,  not  all  the  heat  proper  to  the  chemical  action  going  on 
appearing  in  the  circuit.  But  in  this  case  the  author  observed 
that  the  relative  amount  of  electrical  enercjy  increases  with  the 
concentration  of  the  solution  in  the  cell.  These  results  confirm 
substantially  those  of  Jahn. — Ann,  Phys,  Chem,^  II,  xlvii,  103  ; 
y.  Chem.  SoCy  Ix,  513,  May,  1891.  G.  f.  b. 

3.  On  the  Action  of  Heat  on  Carbon  Monoxide. — Bkrthelot 
has  observed  that  when  carbon  monoxide  is  healed  in  a  glass  tube 
to  500°  or  550®,  a  minute  quantity — three  or  lour  thousandths 
— of  carbon  dioxide  is  produced  ;  and  this  without  any  simul- 
taneous separation  of  carbon.  If,  however,  the  carbon  monoxide 
be  passed  through  a  porcelain  lube,  and  the  temperalure  of  this 
be  raised  to  a  dull  or  even  a  bright  red  heat,  while  approximately 
the  same  quantity  of  carbon  dioxide  is  observed  to  be  produced 
as  before,  there  is  at  the  same  time  a  distinct  separation  of  carbon. 
Hence  the  author  concludes  that  in  this  experiment  carbon  mon- 
oxide is  not  simply  dissociated,  but  is  at  the  same  polymerized  ; 
and  that  the  product  of  this  polymerization  decomposes  into 
carbon  dioxide  and  carbon  sub-oxide  according  to  the  equation 
C,0,=C,_,0,_,-f  CO, ;  which  sub-oxide  at  a  higher  temperature 
yields  carbon  monoxide  and  free  carbon. —  C.  R.^  cxii,  504  Ber, 
Perl.  Chem.  Oes.^  xxiv,  (Ref.)  348,  May,  1891.  g.  f.  b. 

4.  On  the  Electro-metallurgy  of  Aluminum. — Minet  has  con- 
tributed further  details  concerning  the  reduction  of  aluminum  by 
electrolytic  methods.  The  steel  crucible  is  now  made  smaller 
and  is  provided  with  an  internal  lining  of  carbon  which  serves  as 
the  negative  electrode.  The  difference  of  potential  between  the 
two  electrodes  is  4*55  volts  and  the  yield  is  31*9  grams  of  alu- 
minum per  horse  power  per  hour,  or  31*3  horse  powers  per  hour 
for  one  kilogram  of  aluminum.  The  author  believes  that  it  will 
be  possible  to  reduce  the  difference  of  potential  to  4  volts  and 
under  these  conditions  there  will  be  no  electrolysis  of  the  sodium 
chloride  and  the  yield  will  reach  70  per  cent  of  the  theoretical 
quantity.  The  loss  ol  30  per  cent  is  due  to  the  action  of  the  fused 
fluorides  on  the  aluminum  and  does  not  occur  when  aluminum 
alloys  are  made,  since  in  this  case  the  electrolytic  cell  is  composed 
of  the  other  metal  and  the  liberated  aluminum  at  once  combines 
with  it. —  C.  R.,  cxii,  231 ;  J.  Chem.  Soc,  Ix,  525,  May,  1H91. 

G.    F.    B. 
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6.  On  tfie  Detection  of  metallic  Mercunj  in  cruet  of  Poisoning. 
— It  is  j-cnerally  assumed  that  iiietallit;  mercury  when  treated 
with  liyd rod] lone  acid  and  potaasium  chlorate  goes  readily  inln 
solution.  But  Lkcco  has  observed  that  in  destroying  the  organic 
matter  in  toxicological  cases  with  thuae  reagents,  melallic  meroary 
if  present  is  only  very  slowly  nttacked.  A  human  stomach  ia 
which  minute  glnhalea  of  mercury  could  be  distinctly  seen  vfgs 
treated  in  this  way  until  the  organic  matter  was  destroyed  anii 
then  examined  as  usual.  Scarcely  a  trace  of  mercury  could  be 
detected  in  the  solution,  while  in  the  residue  minute  ijlobules  of 
the  metal  were  visible.  Direct  experiment  showed  th»t  mercury 
itself  ia  soluble  with  extreme  difficulty  under  these  condilions; 
and  hence  the  author  believes  that  in  examination  lor  poisons  ihu 
fact  should  be  borne  in  mind.  He  reconimcnclr'  that  the  proces:^ 
of  treating  with  hydrochloric  auid  and  potassium  chlorate  aboutd 
be  continued  for  some  time  after  the  organic  matter  disappears,— 
Ber.  Berl.  Vhem.  Gm.,  xxiv,  928,  April,  1891.  g.  y.  k. 

6.  (M  Tetrazotir  acid  and  its  O^y-  and  JJi-oxy  derivativet  — 
In  consequence  of  the  observation  thai  by  the  action  of  acids  up- 
on benzenyl-araidine  nitrite,  an  acid  is  produced  bavins  the  for- 
mula CiH,N,0,  and  therefore  of  the  composition  of  a  di-nitroso- 
benKenyl-amidine,  W.  Loswen  undertook  further  researches  in 
this  direction  and  has  oblained  some  noteworthy  results.  He 
finds  (l)  that  similar  compound  acids  are  yielded  by  other  ami- 
dines  provided  that  in  ihom  the  hydrogen  in  the  group  C^vu 
is  not  replaced  by  alkyl  radicals  ;  (2)  that  the  acids  thus  obtainen 
X  .  C>f,OsH,  called  dioxy-letrazoiic  acids  and  of  which  the  above 
beusienyl-dioxyletrazotic  acid  CbHi  •  CN,0,H  is  an  example,  are 
reduced  by  sodium  amalgam  to  oxy-tetrazotic  acids,  X  .  CNiOH, 
such  as  benzenyl-oxyteti-azotio  acid  C(H, ,  CNjOII,  and  to  tetra- 
zotic  acids  X  .  CN^II.  as  for  ex-tmnle  C,H,  .  CN.H  benzenvl-tctra- 
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though  possibly  an  intermediate  stage  occurs  as  follows: 

the  benzbydroxamic  acid  splitting  into  aniline  and  carbon  dioxide; 
benzenyl-tetrazotie  acid   may  be  considered  either  as  a  phenyl- 

^N— N 
tetrazol  C.H  .C(^  || ,  analogous  to  the  isomeric  compoand 

\NH-N 

N N 

discovered  by  Bladin  Qli((^  \\  ,oras  an  imido  compound 

\N(C.H).N  ^n 

corresponding  to  the  benzoyl-azoimioeof  CurtiusC  H,.  CO.  N      || , 

in  the  latter  case  having  the  formula  C^H^C(NH) .  N      || ;  (c)  since 

N 
benzenyl-oxytetrazotic  acid  does  not  give  Liebermann^s  reaction, 
it  is  not  a  nitro-compound.  According  to  C.  Lossen,  benzenyl- 
oxytetrazotic  acid  crystallizes  from  boiling  water  in  rhombic 
needles  which  fuse  with  decomposition  at  175°.  With  one  mole- 
cale  of  crystal  water  the  acid  is  permanent,  but  when  deprived 
of  this  water  at  106°,  it  readily  decomposes  evolving  nitrous 
vapors.  Its  salts  with  potassium,  barium  and  silver  are  described. 
Benzenyl-tetrazotic  acid  crystallizes  from  hot  water,  better  from 
alcohol  in  rhombic  hcmimorphic  colorless  needles,  fusing  at  212° 
to  213°  with  decomposition.  By  slowly  heating  it,  a  beautiful 
red  mass  is  obtained  ;  while  on  rapid  heating  a  violent  decomposi- 
tion results,  often  with  ignition,  a  dark  green  tenacious  residue 
being  left  in  the  teat-tube,  whose  vapor  is  red  or  violet.  The  dioxy- 
tetrazotic  acid  affords  a  meta-nitro-derivative  m-nitrobenzenyl- 
dioxytetrazotic  acid. — Liebig^s  Anrtalen,  cclxiii,  73 ;  Ber,  Berl, 
Chem,  Oes,y  xxiv,  392,  May,  1891.  g.  f.  b. 

7.  Polar  light  aud  Cosmic  dttsL — Liveing  and  Dewar  ob- 
tained metallic  dust  by  means  of  electrical  discharges  between 
terminals  of  different  metals  inserted  in  a  glass  receptacle — 
from  this  the  dust  was  conveyed  by  means  of  a  stream  of  hydro- 
gen into  an  end-on-tube,  through  which  electrical  discharges 
were  passed.  The  spectrum  of  these  discharges  showed  no  trace 
of  the  lines  of  the  finely  divided  metals  although  the  finely 
divided  dust  was  present  in  great  abundance.  They  therefore 
conclude  that  if  the  northern  lights  are  due  to  great  electric  dis- 
cbarges through  rarified  air  filled  with  cosmic  dust,  conditions 
must  exist  which  are  different  from  those  in  the  experiment 
devised  by  them. — Proc.  Roy,  Soc,  xlviii,  p.  437-440,  1891. 

J.  T. 

8.  Phosphorescence, — E.  Wiedermann  has  investigated  the 
character  of  the  light  given  out  by  Bal main's  paint  under  different 
conditions  of  exposure.  He  expresses  his  belief  that  a  source  of 
light  which  sends  forth  proportionally  more  light  waves  than 
heat  waves,  as  Langley  maintains  is  the  case  with  the  firefiy,  is  not 
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neccHHarily  thecheapeel  source  of  light.  In  order  to  estimate  tht 
chcapiicBS  or  a  light  account  must  bo  tak«n  of  ibe  entire  tnint- 
formation  of  tlie  oncrgy  of  the  light  in  the  process  of  vision."— 
lieibldtter  ZH  den  AunaU.n  tier  P/iifiik,T>So.  4,  1891,  p.  281.    j.t. 

D,  lif^ertiun  >tud  Refraction  o/'  light  by  thin  surface  layers.— 
P.  Dkude  examines  mathematically  the  conditions  which  innet 
hold  for  tlie  reflection  and  infraction  of  light  by  thin  layers  (rf 
metaiN  sucli  as  I'rofei^sor  Kundt  has  experimented  with  iu  obuin- 
ing  indices  of  refraction  of  metals.  The  paper  is  long  and  ei- 
baustive;  but  is  not  supported  by  experimental  resulte.  The 
author  hopes  to  obtain  suitable  surfaces  to  verify  bis  theoretical 
conclusions.     These  are  as  follows  ; 

(I.)  In  the  expression  for  the  absolute  amplitude,  ratios  anddif- 
ferenee  of  pliaMe  of  the  reflected  and  the  transmitted  light — tbrev 
eonstants  dependiug  upon  tho  nature  of  the  layer  enter.  In 
Caucby's  formula  but  one  constant  depending  upon  the  boundary 
en  tent. 

('J.)  For  refrnction  and  ordinary  reflection  the  fonnalas  >re 
identical  with  iIkinc  of  Cauchy. 

f3.)  A  lower  limit  fur  the  thickness  of  the  layer  transmittiflg 
ligbl  is  yiven  by  elliptical  pularizution. 

(4.)  No  ellipticily  is  shown  if  the  layer  is  contained  between 
the  media  ol  tlie  same  index  of  i-efraction.  II  the  plate  is  wedge- 
shaped  of  nniall  angle;  in  reflected  light  the  bright  hands  bive 
the  iiorrnat  polariK^ition  angle.  The  dark  hands  deviate  from 
this,  and  a  eoiiclusion  can  thus  be  drawn  in  regard  to 'the  indei 
of  refraction  of  the  layer  in  case  the  layer  is  homogeneous. 

(n.)  In  the  dark  band  the  reflected  li^Ul  is  linear  polarized— 
the  trnuNiiiitted  light  elliptically  polarized.  In  the  bright  band) 
)b(<  refleeli-d  as  well  as  the  transmitted  li^ht  is  elliptically  poiir- 
iivd. 

|0.)    l''|-iiUl    Mlmenmi(.H    upon    the     light 
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ted  sandstone,  have  afforded  Dr.  C.  E.  Beecher  Lower  Cam- 
an  fossils  ;  and  that  in  one  case  the  sandstone  contained,  near 
,  the  mineral  graphite.  The  main  purpose  of  the  article  is  to 
e  the  evidence  obtained  by  the  author  m  favor  of  the  conclu- 
Q  that  the  white  crystalline  limestone  of  the  county,  containing 
mdrodite  and  other  minerals,  which  has  been  supposed  to  be 
chsean,  is  really  of  the  age  of  the  blue  limestone.  The  evidence 
en  is,  briefly,  the  occuiTence  of  graphite  in  both  the  white  and 
le  limestones  ;  the  passage  of  one  into  the  other  at  some 
alities  ;  and  the  inference  that  the  white  limestone  owes  its 
"stallization  to  contact  with  eruptive  rocks,  (granite,  etc.),  and 
libits  various  contact  phenomena.  The  Franklinite  iron  ore- 
1  of  the  county  is  associated  with  the  white  limestone,  and  is 
de  therefore  of  the  same  age.  The  conclusion  is  a  wide- 
kching  one,  and  the  facts  should  have  full  investigation  before 
8  adopted.  The  evidence  drawn  from  the  graphite  is  of  un- 
'tain  value  as  the  mineral  occurs  in  rocks  of  much  later  time, 
of.  Cook  regarded  the  iron  ore  beds  and  the  limestones  as  part 
the  gneissic  formation  of  the  region,  the  gneiss  being  not  in 
I  view  foliated  granite  ;  and  the  writer's  examinations  of  the 
;k8  associated  with  these  ores  have  led  him  to  the  same  con- 
tsion.  Moreover,  it  is  an  impossibility  that  the  crystallization 
the  white  limestone  formation  should  have  been  produced  by 
Qtact  with  the  dikes  of  igneous  rocks,  or  even  with"  protruded 
stnite  ;  for  the  rock  of  a  dike  cools  outside  too  rapidly  for  such 
result.  *  The  trap  dikes  of  New  Jersey  illustrate  this  point 
nndantly.  Melted  granite  injected  through  a  cold  rock  would 
t  be  true  crystalline  granite  against  the  walls  or  make  the 
lestone  adjoining  coarsely  crystalline,  like  the  white  limestone, 
en  for  a  hundred  feet.  Again  dikes  of  a  horablendic  scapolite 
3k  are  described.  But  it  is  impossible  that  melted  scapolite 
jected  into  cold  rocks  in  fissures  four  to  six  feet  wide  or  wider 
Gin  this,  should  become  on  cooling  crystallized  scapolite,  even 
a  granular  form,  alike  from  wall  to  wall,  with  "  perfect  folia- 
►n "  parallel  to  the  walls,  so  that  it  has  been  mistaken  for 
eiss.  For  such  crystallization  the  enclosing  limestone  should 
hot  enough  for  its  own  crystallization — the  condition  attend- 
?  metamorphism. 

The  actual  passage  of  the  blue  limestone  into  the  white  has 
Hght,  if  the  observation  is  beyond  question.  The  writer 
•abts  the  conclusion  as  to  actual  passage  because  he  has  ob- 
rved  in  East  Lee,  Massachusetts,  an  apparent  passage  of  the 
ad  between  the  Stockbridge  limestone  and  another  which  is 
ondroditic,  and  saved  himself  from  inferring  their  identity  by 
iding  the  latter  associated  in  a  part  of  the  area  with  a  very 
fferent  class  of  crystalline  schists.  In  other  cases  over  eastern 
srkshire  chondroditic  limestone  was  met  with  ;  and  in  each  it 
IS  associated  with  rocks  that  were  in  part  so  unlike  the  schists 
the  Stockbridge  limestone  or  Taconic  belt,  viewing  them 
roagh    its   whole   course,  from  Vermont,  Massachusetts,  and 
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Connecticut  to  New  York  island,  that  it  was  accepted  as  evi- 
dence of  Archtean  age.  Sapcrposition  of  the  later  limestone  on 
the  earlier  and  subsequent  changes  may  account  for  the  cases  of 
ap)>arent  passage.  Limestone  betts  have  determined  the  positioDK 
of  the  chief  valleys  of  Berkshire  ;  and  in  some  cases  Archiean 
limestone  was  first  in  tlie  work. 

One  of  the  most  ex)rapreliensive  facts  in  the  geology  of  Eastern 
America  is  the  general  identity  of  strike  and  dip,  in  associated 
metamorphic  or  crystalline  rocks  of  Archtean  and  later  time.  In 
eastern  Berkshire  the  writer  failed  to  detect  the  limit  between 
the  Taconic  schiNts  and  the  Archaean,  after  several  trials  ;  and  the 
same  was  true  for  the  ridge  sonthwest  of  Cornwall,  Conn,,  where 
chondroditic  limestone  occurs  ;  and  also  in  Putnam  County, 
N.  v.,  where  there  are  Archiean  iron  ores.  In  each  cam  tde 
quartsyte  of  the  Taconic  series  was  followed  by  gneiss  oF  like 
dip  and  thix  by  other  gneisses,  and  the  Archiean  limit  was  not  dis- 
covered. The  question  was  left  for  a  later  and  more  thorou^ 
investigation,  which  har^  not  been  made.  It  is  now  in  other 
hands,  with  a  promise  of  success.  Taking  the  evidence  which 
strike  and  dip  afford  as  of  itself  conclusive,  it  is  probable  tbst 
nearly  all  the  so-called  Archo-an  rocks  of  the  Appalachian  Pro- 
taxis  could  l>e  proved  to  be  Paleozoic.  The  problem  which  Mr. 
Kason  has  investigated  in  Northern  New  Jersey  is  one  of  gresl 
importance  and  difficulty.  It  is  a  part  of  a  wider  probleni — thtt 
embracing  all  the  Archtean  schists  and  ore-beds  of  New  Jersey. 

J.  D.  D. 

2.  Tvio  helts  of  fosnUi/erotM  black  shale  in  the  Trtauic  forma- 
tion of  Vonrieclicut,  by  W.  M.  Davis  and  S,  Wakd  Lopse. 
16  pp.  evo.  (Bull.  Geol.  Soc.  America,  vol.  ii,  April,  1891,)— 
Professor  Davis  commences  his  paper  with  a  summary  of  hii 
conclusiotiR  respecting  the  Triassic  formation  in  the  vicinity  of 
Moridon,    Cnnii.,    and    ils    ;is-orialcd    Iraii.      Hi;;    list    ..f     pa[.er> 
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;ioii.  The  east-and-west  ridge  called  Mt.  Carmel,  situated  aboat 
lair  way  between  New  Haven  and  the  Meriden  trap  ridges  is  a 
'great  mass  of  dikes,"  which  *'may  be  regarded  as  the  locus  of 
he  volcanic  pipes  up  through  which  rose  the  lavas  now  seen  in 
he  extrusive  and  intrusive  sheets."  The  existence  of  these  vol- 
canoes is  spoken  of  as  without  direct  evidence,  but  probable.  In 
he  two  figures  of  the  paper  these  volcanoes  are  represented  as 
mried  in  the  sandstone  formation  and  are  entitled  "  the  Group 
>f  buried  volcanoes,"  "  The  lost  volcanoes."  The  tilting  of  the 
andstone  with  the  intercalated  sheet  of  trap,  giving  the  forma- 
ion  its  eastward  dip  throughout  the  region,  probably  followed 
he  time  of  deposition  and  eruption.  Even  the  intrusive  dike, 
^est  Rock,  is  probably  '*of  earlier  date  than  the  tilting  and 
aalting  of  the  formation,  and  hence  of  roughly  synchronous  date 
s\\h  the  overflows."  The  faulting  of  the  sandstone  accompany- 
ng  the  uplifts  was  probably  guided  in  direction  by  the  planes  of 
bliation  m  the  underlying  schists. 

The  two  belts  of  black  shale  contain  fossil  fishes  and  plants. 
!)ne  of  them  is  that  of  the  well-known  Durham  locality  and  others 
>f  the  same  belt.  The  second  occurs  in  a  small  brook  north  of  the 
riliage  of  Westfield,  Conn.,  and  has  been  opened  also  at  four 
»ther  places  along  a  line  of  about  fifty  miles.  The  latter,  Mr. 
lioper  states,  has  afforded  one  species  of  fish,  Ischypterus  gigaSy 
lot  found  in  the  Durham  line,  and  two  species  of  plants  also 
ibsent  from  it,  Equisetum  Rogerai  Sch.,  and  CtenophyUum 
Braunianum  Sch. 

3.  lUnstrations  of  the  JFhuna  of  the  ISt,  John  Group,  No.  V.; 
)y  G.  F.  Matthew. —  Mr.  G.  F.  Matthew's  paper  under  the 
ibove  title,  though  read  before  the  Royal  Society  of  Canada  in 
day,  1890,  has  only  recently  been  distributed.  The  author  has 
nade  a  study  of  the  fauna  of  the  lower  rocks  of  New  Brunswick, 
specially  near  the  city  of  St.  John,  and  has  given  the  results  of 
lis  labors  in  numerous  papers  of  interest.  In  the  present  one  after 
liscussing  the  structure  of  the  St.  John  Basin,  and  various  sec- 
ions  of  the  strata,  he  describes  several  new  species  of  fossils  and 
>re8ents  remarks  upon  some  old  ones,  especially  upon  trilobites. 
This  section  is  followed  by  a  third  treating  mainly  of  tracks  and 
narkings,  and  upon  this  we  offer  some  remarks  and  criticisms. 

He  gives,  in  the  first  place,  a  short  sketch  of  Nathorst's  obser- 
fations  upon  Medusae,  quoting  the  descriptions  of  Meduaites 
winceps  Torell  (sp.)  (=  M,  favosa  of  Nathorst),  M,  radiata 
^inrs.,  (sp.)  and  Ju,  costata  Torell  (sp.)  (=M.  Lindatromi  of 
Nathorst).  All  these  forms  were  described  from  beds  of  Cam- 
man  age  in  Sweden,  and  Mr.  Matthew  says  that  in  the  Si.  John 
^roup  indications  are  found  of  some  of  these  *'  inedusa-Iike  forms 
ks  Nathorst  considers  them."  He  then  proceeds  to  describe  a 
lew  genus  Medtisichnites,  founded  for  the  reception  of  certain 
.rails  or  tracks  "  which  appear  to  have  been  produced  by  such 
features."  Not  that  there  is  any  indication  they  were  positively 
nade  by  Medusce^  "but  rather  that  they  arc  probably  due  to 
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thoBe  Radiate  animals  which  Naihorst  lias  referred  to  MediuiUt." 
The  name  Taonichniles  had  been  previously  suggested  by  hioi 
for  some  similar  loini,  but  he  now  advocates  diwcarding  the  old 
name  and  substituting  a  new  one.  Why  the  new  forms  sbonld 
not  have  been  ineludeii  with  the  old  one  we  are  unable  to  under- 
stand. Fortunately  no  specific  names  are  given  to  the  serie«  of 
markings  relerred  lo  this  genus.  The  author  prefers,  instead,  to 
designate  them  as  "forms,"  and  of  these  he  describes  and  illni- 
trates  five. 

In  these  descriptions  wo  no  longer  find  any  doubt  expressed  u 
to  the  manner  in  which  the  tracks  were  made  or  the  kind  of 
animals  whicli  made  them.  One  is  "the  imprint  of  tentacles 
resting  on  the  bottom."  Another,  from  the  Animikie  group  of 
the  Lake  Superior  region,  and  the  original  of  TaonichntUt,  he 
says  "is  a  good  illustration  of  certain  impressious  which  hi?e 
been  mistaken  tor  rill  markings,  but  which  are  really  of  orgaoic 
origin.  It  has  been  made  by  a  Medusile  swept  along  by  a  cnr- 
rent  above  ihe  surface  of  a  bed  of  very  fine  sandy  mud."  Itia 
interesting  to  know  that  the  same  genus  ranged  from  the  Aaioii' 
kie  into  the  Middle  Cambrian. 

Another  new  genus  proposed  is  Eoicfmitee,  the  name  being  t 
substitute  for  Eophyton.  Mr.  Matthew  gives  an  account  of 
Eophyton  and  of  its  supposed  nature  by  the  origiual  discoverer, 
Torell,  and  figures  what  he  calls  Eoicknitea  Linnceanut  Toreli 
(sp.),  from  the  St.  John  group.  These  figures,  while  they  beir 
little  resemblance  to  the  typical  Eophyton  Linn<Bannm,  are  very 
much  like  some  of  the  figures  of  Med'/aicfiuites,  and  should  be 
placed  there  if  that  genus  be  a  good  one. 

A  third  new  venus  established  is  Ctetdchnitee,  adopted  foT 
markings  which  Mr.  Matthew  says  Torell  and  Linnarsson  con- 
founded with  Eophyton.  W^e  are  told  the  markings  resemble 
Eoichnitea  so  far  "  that  they  might  easily  be  supposed  to  liare 
'  by  larger  iudividuaJH  of  the  kind  which  made  ilie 
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A  comparison  of  the  figures  of  Ctenichnites  ingeua  with  those 
of  Eoichnites  and  some  forms  of  Meduaichnites  induces  the 
opinion  that  they  are  not  to  be  separated  even  specifically.  Some 
of  the  first  have  the.  lines  wider  apart  than  those  of  the  second, 
and  are  less  curved  than  the  third,  but  the  variability  in  all  is  so 
great  that  to  draw  a  line  anywhere  between  them  is  a  task  that 
tew  would  dare  undertake. 

Under  Psammichnites  he  refers  to  certain  specimens  found  in 
St.  John  which  seem  to  him  probably  '*  may  have  been  made  by 
by  a  Paammichnitesy  From  this  it  would  appear  that  Mr. 
Matthew  considers  Paammichnites  to  be  an  animal  form  of  some 
Bort.  The  general  opinion  is  (Hancock,  Haughton,  Torell  and 
Nathorst)  that  the  forms  described  under  that  name  are  only 
tracks. 

Under  Frmna  a  new  species,  F.  ramosa^  is  described,  and  under 
Arenicolites  also,  a  new  form,  ^4.  brevis,  is  given.  Still  a  fourth 
genus,  Goniadtiichnites,  with  one  species,  G,  trichiformis,  is 
created,  and  on  very  slender  grounds.  Small,  slender  and  thread- 
like, the  name  is  given  because  of  their  resemblance  to  tracks 
made  by  recent  Goniada,  The  figure  bears  some  resemblance  to 
certain  branching  forms  of  graptolites  like  Dendrograptus  tenui- 
ramosus,  from  the  Utica  Slate  of  New  York. 

Last  of  all  the  new  species  is  an  addition  to  Terrell's  Monocra- 
terion,  under  the  name  of  31.  magnificum.  From  the  plate  it  is 
well  named,  for  from  a  central  cavity  two  inches  in  its  longer 
diameter,  and  one  and  a  quarter  inches  in  its  shorter,  spread  out 
filaments,  called  *'  tentacles,"  three  inches  in  length  :  and  this 
figure  is  reduced  one-third.  If  this  burrow  were  made  by  a 
worm,  it  must  have  been  a  gigantic  creature. 

In  studying  this  paper  ot  Mr.  Matthew's  we  cannot  but  regret 
that  he  has  made  his  many  new  genera  and  species  upon  such 
scanty  niaterial.  As  objects  illustrating  some  phase  of  sedimen- 
tation, or  the  possibility  ol  some  sort  of  life  having  existed,  these 
markings  are  of  interest.  But  it  is  a  useless  bunlen  upon  science 
to  give  to  them  generic  and  specific  names. 

Joseph  F.  James. 

Waalimgton,  D.  C,  June  13.  1891. 

4.  j6tud€8  des  gites  mifiiraux  de  la  Fra7ice,  Bassin  HoulUer 
et  Periaien  d^  Autun  et  (/'  6pinac,  Fa^c.  11^  Flore  fossile^  Pre- 
miere partie,  par  R.  Z killer.  Pp.  1-304.  Atlas,  xxvii  plates, 
4°. — This  fascicle  begins  the  third  of  a  series  of  valuable  recent 
works  on  the  flora  of  the  Carboniferous  epoch  in  France.  Of 
these  three,  the  first,  on  the  flora  of  the  Valenciennes  basin,  by 
M.  R.  Zeiller,  dated  1888,  is  the  most  important  work  in  French 
on  the  Paleozoic  flora  since  the  "  Histoire  "  of  Brongniart,  with 
which  it  will  take  a  place  as  a  classic  in  paleobotanical  literature. 
The  first  part  of  the  second  work,  on  the  Com  men  try  flora,  in 
which  the  ferns  are  monographed  by  Zeiller,  bears  the  same  date; 
but  the  second  part,  under  the  joint  authorship  of  MM.  B. 
Renault  and  Zeiller  was  not  finished  until  1890.     The  present 
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irork  includea  the  flora  of  tho  ^piDac  and  Molloy  atagea  of  the 
Upper  CarboniferouB  and  the  Igoraay-Lally,  Cornaille-Chatnboii, 
and  Millery  stages  of  the  Lower  Permian.  The  Millery  horuon, 
in  the  Autun  basin,  is  celebrated  as  the  source  of  the  wonderfully 
preserved  eilicified  plants  that  formed  the  basis  of  the  tnuj 
important  works  on  the  organization  and  fructification  of  the 
plants  of  the  Paleozoic  by  Brongniart,  Grand  'Eury,  Renault, 
Bertrand,  and  Zeiller,  In  this  fascicle  Zeiller  treats  the  ferns, 
prefacing  their  description  with  an  illustrated  r4aum£  of  the 
classification  of  the  types  represented  in  this  flora  according  to 
their  discovered  fruiting  forms.  ConBiderable  new  and  interest- 
ing material  is  here  brought  to  light.  About  forty  species,  many 
of  them  new,  are  described  from  foliar  and  fruiting  characters. 
The  last  120  pages  contain  descriptions  and  illustrations  of  the 
trunks  and  petioles  of  the  ferns,  belonging  to  PtychopterUy  in- 
cluding Caulopteris  giganUa,  F.  &  W.,  to  P»aroniu»,  represent- 
ing trunks  of  Pecopteris  and  Scolecopteris,  and  comprising  an 
extinct  tribe  of  the  Marattiaeea,  and  to  Myelor.ylon,  including 
MeduUoaa  (pars),  Myelopteris  and  Slemelia,  which  he  regards 
as  petioles  and  rachises  of  AUthopterit.  Orlontopteria  and  Neur- 
opterU,  representing  a  group,  with  pithed  petioles  and  a  cen- 
trifugally  develooed  secondary  woody  zone,  perhaps  intermediate 
between  the  OphioglossncetE  and  the  Marattiacece.  The  flora  ia 
interesting  as  showing  many  transition  forms  between  the  Upper 
Carboniferous  and  the  Permian  types.  '  The  second  part  of  the 
work,  dealing  with  the  remaining  groups,  is  in  preparation  by 
M.  B.  Renault.  d.  w.  ' 

5.  2'Ae  Genus  SpkenopkyUiim,  by  J.  S.  Nbwbeei{t.  Journ. 
Cincinnati  Soc.  Xat,  Hist.,  vol.  xiii,  1H91,  pp.  212-217,  pi.  lii, 
—In  this  short  paper  Dr.  Newberry  reiterates  the  ■ 
-ed    first   by  liir-  "    "     ""-    —  ■"    "'■-- '     ■-  ' 
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geological  and  paleontological  papers,  memoirs,  maps,  etc.,  of  the 
year,  arranged  according  to  subjects  and  countries  ;  and  after  a 
catalogue  of  the  authors  in  the  lists,  the  following  1000  pages  of 
the  volume  contain  quite  full  abstracts  of  very  many  of  these 
publications.  Not  only  the  names  of  new  species  are  given  in  the 
Paleontological  part,  but,  to  a  large  extent,  descriptions  of  genera, 
and  among  the  Vertebrata  of  many  of  the  species,  besides  a 
review  of  new  deductions  and  opinions.  The  Annual  is  essential 
to  the  geologist  who  would  know  about  tlie  yearly  progress  of 
the  science  over  the  world,  and  keep  himself  informed  of  dis- 
coveries bearing  on  his  own  work. 

7.  Tables  for  the  Determination  of  Minerals  by  physical 
properties  ascertainable  with  the  aid  of  a  few  field  instruments, 
based  on  the  system  of  Professor  Dr.  Albin  Weisbach  by 
Pebsifob  Fkazeb.  Third  edition,  entirely  re-written,  113  pp. 
Philadelphia,  1891  (J.  B.  Lippincott  Company).— r-Professor 
Frazer's  tables  have  already  been  found  of  much  ])ractical  value 
by  many  workers,  and  in  their  present  revised  and  improved  form, 
their  sphere  of  usefulness  should  be  widely  extended. 

8.  Materialien  zur  Miner alogie  RussUnids^  von  N.  v.  Koks- 
CHABOW.  Vol.  X,  pp.  225-351.  St.  Petersburg,  1891.— The  part 
now  issued  forms  the  conclusion  of  volume  x.  It  includes 
descriptions  of  jeremejewite,  eichwaldite,  columbite,  also  sup- 
plementary notes  on  euclase,  zircon,  topaz  and  other  species. 

III.   Miscellaneous  Scientific  Intelligence. 

1.    Volcano  of  Kilauea, — In  a  letter  of  May  9th,  Rev.  E.   P. 
Baker  reports  that  after  the  eruption  of  March  6  the  lava  first 
appeared  in  the  bottom  of  the  empty  basin  of  Haiemaumau  on  the 
10th  of  April.     He  visited  the  crater  on  the  29th  of  April  and 
found  the  lake  of  liquid  lava  within  it  100  or  200  feet  across,  and 
a  blowing  cone  by  the  side  of  it  which  was  throwing  up  globules 
of  lava.    The  lake  had  a  thin  seum-like  crust  over  it.     While  look- 
ing at  the  lake  trom  the  edge  of  the  basin,  300  feet  perhaps  above 
the  lake,  the  lava  began  to  run  off  through  an  orifice  beside  the 
cone  until  the  basin  was  nearlv  empty.     The  next  day  the  lava 
had  wholly  disappeared.     Again  on  the  Oih  of  May  Mr.  Baker  was 
down  in  the  crater  and  found  no  liquid  lava  in  the  basin  ;  but 
from  the  cooled  lava  on  its  sides  it  aj)peared  that  the  lava  had  in 
llie  interval  risen  to  a  higher  level  than  on  April  30th.     It  thus 
seemed  that  the  lake  was  rising  and  falling — rising  through  the 
accession  of  new  lavas  from  below,  and  falling  through  discharges. 
The  cone  continued  to  throw  up  occasionally  globules  of  lava. 

2.  American  Oeological  Society, — The  summer  meeting  of  the 
society  is  to  be  held  Monday  and  Tuesday,  August  24  and  25,  in 
the  Columbian  University,  Washington,  D.  C,  and  will  doubtless 
be  one  of  unusual  interest.  The  meeting  will  be  preceded  August 
1^-22,  by  the  meeting  of  the  American  Association  for  the  Ad- 
'^^ocement  of  Science,  and  will  be  followed  by  the  International 
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Geological  Congrefi!>,  which  meola  August  26,  and  remaiiig  In 
seRsioD  one  week.  The  three  societies  will  meet  in  the  same 
building.  The  foreign  memberg  o!"  tliu  International  Geological 
Congress  are  lo  be  invited  to  read  pnpera  before  the  Geological 
Society,  ami  their  papers  will  bo  given  precedL-nce  on  the  pro- 
gram. A  number  of  excursions  will  probably  be  arranged.  Tlie 
local  arrangements  are  in  the  hands  of  a  committee,  Mr,  G.  K. 
Gilbert,  chairman. 

3.  International  CongrfM  of  Geologiste — 5(A  Session,  Watk- 
ington,  IBS!. — Circular  of  information.  No.  11,  has  been  recently 
issued  by  the  Secretaries,  H.  S.  VVilliamH  and  S.  V.  Emmons, 
giving  full  information  in  regard  lo  time  and  place  of  meet- 
ing (see  above),  program,  transportation,  excursions  and  hotel 
accommodations.  Correspondence  should  be  addressed  to  S,  Y. 
Emmons,  133o  F  street,  Wat'hington. 

4.  Physical  Observatory  at .  the  Smithsonian  Institution, 
Washington. — Prof.  S.  P.  Langley  announces  {in  a  letter  to  the 

Editors,  dated  June  I,  1891)  that  there  has  been  established  at 
Washington,  as  a  department  of  the  Smithsonian  Institution,  a 
Physical  Observatory,  which  has  been  furnished  with  specially 
dcHigned  ajiparatUN  for  the  prosecution  of  investigationti  in 
radiant  energy  and  other  departments  of  telluric  and  astro- 
physics. The  communication  of  new  memoirs  bearing  in  any 
way  on  such  researches  is  requested,  and  for  them  it  is  hoped 
that  proper  return  can  be  made  in  due  time. 

Prof.  Langley  also  otatcs  That  he  has  reHigncd  the  titular 
directorship  of  Allegheny  Observatory. 

OBITl'ARY. 

Charles  Abad  Joy,  for  many  years  Professor  of  Chemistry 


ill  ColiioiVia  College,  died  May  129   at  Sioukbridge,  Mfiss.     Hi* 
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Art.  X.  —  ISo7n^  of  the  features  of  non-volcaiuc  Igneous 
Ejeciioiis.as  illustrated  in  the  four  ^^  Rocks'*'^  of  the  New 
Haven  Itegion^  WeM  Rock^  l^ine  Rock^  Mill  Rock  and 
East  Rock  ;  by  James  D.  Dana.     With  Plates  II  to  VII. 

The  observations  on  the  igneous  ejections  of  the  New  Haven 
region  here  recorded  and  discussed  were  mostly  completed 
during  the  years  1879  and  1880,  shortly  after  the  publication 
(in  18  <  7)  of  a  detailed  topographical  map  of  the  region  by  the 
U.  S.  Coast  and  Geodetic  Survey,  made  under  the  special 
direction  of  R.  M.  Bache.  As  this  map  is  on  the  large  scale 
of  TirJinr?  ^^  about  6-J  inches  to  the  mile,  and  has  lO-foot 
contour  lines,  it  afforded  a  very  convenient  basis  for  the  record 
of  geological  facts. 

A  reduction  of  a  portion  of  this  map  to  a  scale  of  two  miles 
to  the  inch,  is  presented  on  Plate  II.*  Excepting  the  hills  in 
the  southwestern  corner  of  the  map,  its  whole  area,  even  that 
of  the  New  Haven  plain,  is  underlaid  by  the  Jura-Trias  Red- 
sandstone  formation.  (The  excepted  hills  are  part  of  the  bor- 
der of  metamorphic  schists  that  bounds  the  Jura-Trias  region 

*  This  map  is  a  portion  of  Plate  II  in  the  writer's  paper  on  the  "  Phenomena 
of  the  Glacial  and  Champlain  Periods  about  the  mouth  of  the  Connecticut  Vailey. 
or  the  New  Haven  Region  "  (This  Journal,  xxvii,  1 13,  Feb.  1884).  The  limit  of 
the  New  Haven  plain  is  marked  by  a  dotted  line  at  the  base  of  the  hills,  and  the 
ooDtour-lines  over  it  are  omitted,  the  heights  instead  being  given  afler  a  special 
survej.  The  small  nearly  circular  depressions  marked  on  the  map  represent 
**  Kettle-holes."  The  New  Haven  plain  was  of  river-flood  origin  and  it  is  pre- 
seoted  on  the  map  with  the  outlines  and  height  unaltered  by  the  gradings  for 
road-making,  and  by  the  making  of  mill-dams :  and  hence  the  map  is  a  map  of 
the  region  of  New  Haven  before  1640,  as  stated  in  its  title. 

Am.  Joub,  Sci.— Third  Sebies,  Vol.  XLII,  No.  248.— August,  1891. 
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on  the  west^  The  map  shows  the  positions  of  the  four  trap 
ridges— mon?  sii-ictly  trap -a  nd-eaiKi  stone  ridges— West  Rock. 
Pine  Roi-k,  Mill  Kock  aud  Ea^t  Rock,  and  ^vcs  their  height; 
■  hove  mean  tide.  These  ninipart-like  elevations  are  now  twu 
to  three  miles  from  New  Haven  Bay:  l>iil  they  bear  evidence 
of  having  l>een  for  a  time  the  headlands  of  a  roach  larger  bai. 
The  ridges  are  part  of  the  Jnm-Trias  Moan  tain -range  of  tlie 
CoDuecticut  Valley,  {,!)  Eai^t  Rook  and  West  Rock  ar^  like 
the  other  north -an  d-»)nth  ridges  of  the  range  in  their  form, 
&tnictnre  aud  direction,  and  West  Kock  ridge  after  a  oonrse  of 
seventeen  miles,  dies  ont  just  where  the  higher  trap  ridg^  of 
the  Mt,  Tom  line  commence,  showing  an  interlocking  with  tlie 
rwt  of  the  system.  12)  They  consist  of  Jnra-Trias  sandstooe 
with  an  intercalated  ebeet  of'  trap  (as  the  igneoiu  rock  is  pop- 
nlarly  called l  i3|  The  sheet  of  trap  in  the  ridges  has  a  rising 
invliiution  westirani.  or  a  dip  eastward,  like  the  associated 
beds  of  sandstone,  the  liquid  rock  having  been  extruded  from 
a  tissore  or  licsur^  situated  somewhere  to  the  eastward.  (4) 
As  a  consequence  of  these  common  featnre«.  denadation  by 
waier  and  ice  ha£  giveti  to  the  Xew  Haven  ridge«  the  features 
typMl  of  the  npge.*  namely,  a  steep  western  front,  consieting 
oir  sandstetoe  helow  and  the  bar>ler  trap  above,  a  top  of  bare 
tnp.  and  essiera  slopes  of  sandstone,  tliat  is  of  the  overlying 


From  sacb  commoD  features  the  inference  as  to  a  common 
method  of  t»rigin  is  natnral.  Still,  as  Pnofesgor  Davis  clainu, 
i*  need*  abi-  other  sopivrt  f>ir  acceptance. 

We  note  aUo  l.'t^  that  ihe^  Rocks  are  ^tnaled  at  ibe  eoDtli- 
*ni  extrvmitr  of  the  Jura^Tria*  Moamain-raage :  for  the  Con 
:,„-:,-i;t  Vi!l.-v    iri.l    i;,   Jriri-Tna>   t*e>i<  do  not  extend  over 
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and  coarse  conglomerate,  even  cobble-stone-gravel  conglomer- 
ate. When  iine^rained  and  sbaly  it  is  not  a  firm  laminated 
rock,  bnt  divides  or  crumbles  readily  to  thin  chips.  The  more 
massive  kinds  are  usually  traversed  with  fractures ;  and  none 
has  much  firmness  except  where  consolidated  by  heat  from  the 
trap-ejections,  or  the  hot  vapors  produced  thereby.  Conse- 
quently, fissures  made  though  the  formation  should  have  great 
irregularities,  from  irregular  fracturing  and  the  tumbling  into 
them  of  masses  of  sandstone  and  large  sections  of  their  walls. 

(2)  The  thickness  of  the  sandstone  intersected  by  the  fissures 
over  the  center  of  the  New  Haven  region  was  at  least  3000 
feet,  as  proved  by  borings  at  a  point  half  way  between  the  bay 
and  the  west  end  of  Mill  Rock.  Along  the  West  Rock  line 
the  depth  was  probably  less,  as  this  ridge  is  within  a  mile 
and  a  half  of  the  western  metamorphic  limit  of  the  Connecti- 
cut Valley  of  Triassic  time.  Beneath  the  sandstone  the  fissures 
came  up  through  underlying  crystalline  rocks,  in  which  they 
would  probably  have  great  regularity  in  course,  width  and  con- 
tinuity 

(3)  When  the  heat  from  the  trap,  or  the  hot  vapors  gener- 
ated by  it,  consolidated  the  sandstone,  it  generally  made  hard, 
durable  rock  of  the  coarser  kind,  but  left  the  finer  beds, 
alternating  with  the  coarse,  fragile  and  chip-making;  and  this 
was  so,  apparently,  because  hot  vapor  penetrates  most  easily 
the  coarser  beds  for  the  cementing  work.  The  heat,  through 
the  penetrating  vapors,  generally  discharged  more  or  less  com- 
pletely the  color  oi  the  beds  it  consolidated,  producing  an  ash- 

fray  and  brownish  shade  ;  made  in  them  steam  tubes  with 
lanched  walls;  produced  blotches  of  impure  chlorite,  or 
epidote,  and  crystallizations  of  hematite  and  epidote,  and  less 
commonly  garnet.  But  the  finer  beds  that  alternate  with  the 
coarse  commonly  retain,  except  perhaps  for  a  few  inches,  their 
red  color,  and  even  have  it  deepened  to  a  dark  purplish  red — 
as  if  by  the  reduction  of  some  of  the  red  coloring  matter 
(oxide  of  iron)  to  magnetite.  Moreover,  the  sandstone  often 
loses  all  the  old  bedding.  These  varying  effects  from  the  heat 
have  added  much  to  the  original  irregularities  of  the  beds. 

(1)  Of  the  four  Rocks,  East  and  West  belong  to  the  prevail- 
ing north-and- south  system,  as  already  stated  ;  the  other  two. 
Pine  Rock  and  Mill  Rock,  to  a  transverse  system. 

(2)  In  East  Rock  and  West  Rock  the  sheet  of  trap  made 
by  outflow  from  the  opened  fissure  or  fissures  has  a  length 
westward  of  100  to  600  yards. 

(3)  The  supply  fissure,  or  its  filling,  the  dike,  descends  be- 
neatn  the  eastern  slope  with  a  large  eastward  pitch :  the  angle 
of  pitch  in  the  case  of  East  Rock  being  about  50°. 
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U)  la  Pise  Boek  uwl  SKO  B^Jk,  (Wb 
livjug  no  eTideoee  erf  isy  ««tJo*-.  Tec 
M>m«  of  the  usikfa  tlte  fjtaA  ImrnJA  mt 
fott 

45)  Tb«  piurh  of  Umm  dikm  1b  ta  At 


I  Altbooiai  oeitber  Ea«  Bocfc,  JISI  Back  Mr  P&w  1^ 
lot  a  k-ntrtli  esceedm);  »  mile  and  a  faaU,  cadk  ka  liktKmmtm 
diMiitct  outlet*  (if  tnp,  Mrpanted  bj  mtotwaHHP  ■■■^■■^ 
Wfrwfver.  tk^re  i*  WMte  oiTcnitjr  bttWM  tke  Kwh  aAt 
form  and  amngenient of  tbece araai of  uliihJ  Invb m Al 
nta|>  illurtralcA. 

1 7)  Ttte  inp  of  lite  wren]  rii^ca,  «uiui£^  lo 

b;  K.  S.  Dana,  u  true  doteiyte,  me,  or  Dent*  m^ 

aud  utbm*  e«-idet»oe«  of  interior  alteradoa,  aad  aac  if  d 
VMietilar. 

(8).  Ojlumnar  fracturea   pte  the  rock  a 


stroctare,  io  wliidi  tlie  Lalf-defined  eolamns  are  fo«ri»cUKfcrt 
in  dianM:t«r.  Id  the  vrmt  fronts  of  tlie  Dortfa  >ii4  aaaCa  rii^ 
the  rndv  c>]nmtu  hacc  usually  an  iDeHoatioa  dcvIt-  ai  ri^ 
anf^len  bj  tliC!  mean  dip  of  the  as»odated  eandftcne — anvj- 
iD(f  tba*>  with  the  acaal  rule :  perpendicolar  to  tbe  cootis:^  m- 
facen.  Hnt  amonp  the  rolamnar  fracture^  whatever  the  ocfr 
tiation  of  thv  cAmnith,  thai  plane  uf  fracton*  or  joint  witi^  * 
tnnitvene  to  the  nidt^  of  the  dike  or  trap-mass  and  neariv  nr- 
tical  )«  the  ino6t  itrongly  developed,  and  conseqneotlT  tb 
trap  often  cleaves  into  nearly  vertical  plates  or  lanuMC  of 
great  extent,  tiineli  like  a  laminated  rock.  Hiefe  oeitallTB 
alMf  a  Mieond  eaiiy  cleavage-fiirection,  nearly  at  right  aof^  t» 
t)ie  former  r->i  that  recta n^iiiar  ^-oluluU!^  sometimes  «»iDe  <ni 
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or  chambers  for  its  occupation,  the  h'quid  rock  thus 
;  the  overlying  sandstone  as  long  as  the  discharge  was 
ued.  By  such  means  the  sheets  of  liquid  trap  attained, 
16  cases,  a  thickness  of  300  or  more  feet.  This  forcible 
ig  and  filling  of  a  chamber  in  the  sandstone  by  the  up- 
lavas,  is  a  laccolithic  process,  it  according  with  that  of  the 
1  laccoliths  ably  studied  out  and  described  by  Gilbert.* 

The  intrusion  of  the  flowing  rock  between  the  sandstone 

took  place  at  comparatively  shallow  depths,  where  the 
re  of  tne  rock  was  not  too  great  to  prevent  it. 

It  was  favored,  in  each  case,  by  the  fact  that  the 
e  fissure  supplying  the  lava  was  mclined  in  the  same 
ion  with  the  layers  of  the  uplifted  sandstone — both  in- 
5  westward,  the  dip  being  eastward. 

The  termination  of  a  fissure  in  several  outlets,  exempli- 
Q  three  of  the  Rocks,  was  largely  due  to  the  great  incli- 
I  and  depth  of  the  fissures  opened  through  the  weak 
aed  and  faulted  sandstone,  and  thence  to  great  downfalls 
)  hanging  wall.  The  same  cause  led  to  irregularities  in 
idth  and  forms  of  dikes,  and  infiuenced  the  outlines  and 
e-features  of  outfiows. 

The  course  and  dip  of  supply-fissures  was  not  deter- 
l  by  the  foliation  or  bedding  of  the  schists  underneath 
ndstone. 


eCIAL    FACTS    FROM   THE    SEVERAL    HoCKS   ILLUSTRATING  THE 

ABOVE    CONCLUSIONS. 

5  ridges.  Pine  Rock  and  Mill  Rock,  containing  simple 
are  first  considered,  and  then  East  Rock  and  West  Rock, 
i  include  dikes  and  outflows  from  them.f 

1.  PINE  ROCK. 


3  general  form  of  Pine  Rock  is  shown  on  Plate  II,  and 
setter  on  the  following  larger  map.:j:  •  It  is  only  three- 
is  of  a  mile  long  and  trends  N.  67°  E.,  or  east-northeast, 
small  ridge  has  three,  perhaps  four,  independent  outlets 
p,  A,  BB',  CC  and  D.  The  first,  at  the  west  end,  is  a 
dike  15  to  20  feet  wide,  trending  north  20°  west,  and 
ble  for  220  feet.     It  dips  eastward  25°,  and  thus  proves 

>log7  of  the  Henry  Mountains  by  G.  K.  Gilbert,  4to,  1877. 
justice  to  Percival,  the  author  of  the  Report  on  the  Geology  of  Connecti- 
842,  it  should  be  here  stated  that  there  is  scarcely  an  outlet  or  area  of 
motioned   beyond  which  is  not  recorded  on  his  map  or  described  in  his 

)  contour  lines  on  this  map,  and  also  those  on  that  of  Mill  Rock  on  page 
copied  from  the  Bache  Coast  Survey  map. 
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that  it  is  not  an  outlier  of  West  Kock,  bat  part  of  the  Pint 
Rock  group.  The  other  three  are,  more  evidently,  ontlete  from 
one  great  nesure.     ""'        ' '  '      '   '     '  ""' 

800  feet ;  and 


dip  of  tlie  dike 


The  width  of  the  larger  mass,  CC,  is  abont 

I  tlierefore  one  of  the  widest  of  dikes.    Tbc 

50°  to  55"  northwestward.    This  inelioei: 


position  {SS"  to  4n°  from  a  verticiil)  ie  o;iven  tiie  dike  in  tip.  2,  ii 
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The  Hoathem  wall  of  the  dike  is  the  roof  of  the  cave ;  tlie 
*ock  has  the  fine  texture  and  fissured  surface  usual  where  it 
»K>led  in  contact  with  tlie  sandstone.     Just  above  the  cave, 


luclioed  columus  oE  Piiie  Rock,  above  the  ''  Cstc." 

where  the  exterior  is  removed,  the  surface  is  made  up  of  tlie 
ends  of  rude  columns.  A  profile  view  of  these  inclined 
colnmuB  from  a  point  just  8i>iitli  is  sliown  in  fig.  4.* 

At  w,  (see  the  precedinj;  map)  the  nort/i  wall  of  the  inclined 
dike  is  uncovered  for  a  height  of  50  feet,  tlie  sandstone  having 
been  carried  off  by  the  glaeier.f 

At  the  eastern  extremity  of  Pine  Pock  {near  C),  the  trap 
of  the  north  wall  may  be  seen  in  contact  with  hard-baked 
sandstone.  In  the  large  quarry  just  sonth,  the  rock  exhibits 
finely  the  transverse  lamination  crossing  the  dike — referred  to 
on  page  82.  The  lamioie  incline  10°  to  15°  to  the  eastward, 
the  dip  being  80  to  85°  to  the  westward.  The  surfaces  of  the 
plates  are  usually  yellowish-brown  with  limonite  for  scores  of 
feet  from  the  summit,  owing  to  the  waters  that  penetrate  from 
the  surface  downward  and  oxydize  the  iron  of  the  rock  ;  but 
in  the  transverse  joints  or  cracks,  wliich  are  less  accessible  to 
the  waters,  there  is  usually  a  coating  of  stilbtte  and  sometimes 

*  From  a  photograph  by  G.  N.  Laweon,  of  the  dasB  at  Tnlc  of  1890 ;  taken  in 
December.  18»[). 

t  Tbe  sbBpinK  of  th?  northern  slopes  of  Ihe  Pine  Rock  ridge  is  a  part  of  the 
Nine  work  of  the  ice;  nnil  tbe  trcac<  of  the  mngi,  like  tbat  of  Sachem's  Ridge, 
^Tlale  11).  iodicateB  the  dircctioa  of  movemeot  of  the  glacier.  Tlie  same  is  true 
for  the  northern  slopes  i>f  Wliitne;  Peak  and  Indian  Head, 
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of  other  zeolites,  as  chabazite,  analcite,  heulandite.*  The 
dike  lias  a  few  transverse  conreea  of  fracture  containing  prehnite 
and  occasionally  apophyllite,  but  no  longitudinal  nave  been 
observed. 

A  sandstone  ridge  connects  A  and  BB',  in  which  the  rock  is 
hard,  and  has  the  strike  N.  40°-45°  E.,  and  the  dip  45°  S., 
becoming  N.  30°  E.  and  30"  to  35°  in  dip  more  to  the  west. 
It  is  mostly  a  coarse  sandstone ;  bnt  some  layers  contain  stones 
4  to  5  inches  in  diameter. 

Origin  of  the  Features  of  the  Rock. 

The  existence  of  so  many  outlets  of  trap  in  the  small  space, 
and  the  irregular  forms  of  the  areas  are  unusnal  facts.  BB'  m 
short,  broad  and  blunt,  shield-shaped  ;  and  CC,  is  duck-like  io 
shape,  the  irregular  bosses  at  the  northwest  end  (EE')  making 
the  neck  and  head.  These  bosses  are  not  in  the  line  of  the 
dike,  and  must  be  due  to  a  local  catastrophe.  In  view  of  the 
great  inclination  of  the  Assure,  and  its  depth  of  2000  to  3O00 
feet  in  the  weak  sandstone,  a  caving  in  of  some  part  of  itf 
northern  or  hanging  wall  would  be  of  extreme  probabilitj. 
Such  a  catastrophe  would  account  for  the  stoppage  of  the  out- 
flow and  the  separation  thus  of  BB'  and  CC;  and  such  a 
stoppage  of  the  up-thrust  lavas  would  explain  their  escape  bj 
one  or  more  extemporized  outlets,  and  for  the  actual  position 
of  the  a)>ertnres  on  tlie  north  side  of  the  fissure  ;  and  thereby 
for  the  making  of  the  bosses.  The  obstructed  lavas  of  the 
fissure  may  also  have  found  exit  in  the  westeru  dike,  A. 

The  trap-mass  D  is  possibly  a  result  of  a  second  smaller 
catastrophe  of  like  character ;  but  its  separation  from  CC,  may 
be  a  result  of  erosion. 
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the  western,  AA',  the  eastern,  BB' ;  north  of  the  gap  between 
these,  a  sliort  narrow  dike  C,  and  farther  north,  the  isolated 
area,  D.  The  width  of  the  tin>t,  AA',  (as  measured  at  its  west 
end)  is  200  feet ;  of  the  second,  140  or  150  feet ;  of  the  third, 
1  to  10  feet ;  of  the  fourth,  50  feet,  the  length  being  150. 
The  mass  BB'  cotitiaueE  to  Mill  Biver  where  the  sarface  of  the 
country  declines  to  tide  level.  Bat  the  trap  does  not  stop 
here ;  it  crosses  the  river  and  extends  on  eastward,  with  an  in- 
creased width,  180  feet,  to  the  summit  of  Whitney  Peak. 
The  Whitney  Peak  dike  belongs  therefore  to  the  Mill  Rock 
r^on,  although  topographically  part  of  the  East  Hock  area. 
The  trend  of  the  Whitney  Peak  portion  is  S.  68°  E.;  of  AA', 
S  78°  E.  The  mean  course  for  the  whole  series  to  the  snminit 
of  Whitney  Peak  is  about  S.  72°  E. 


Map  of   Uill  Rock,  oicepiiog 


The  dip  or  pitch  of  tlie  main  dike  is  about  72°  to  the  north- 
ward, or  18"  from  the  vertical.     This  inclination  and  the  course 
of  the  columnar  fractures  are 
well  exhibited  at  the  west  end 
of  the  dike,  A,  and  are  repre- 
sented in  figure  <6. 

Besides  the  columnar  frac- 
tares  at  right  angles  to  the 
walls,  there  arc  also  longitudi- 
nal fractures  in  interrupted  lines,  parallel  to  the  walls.  Two 
are  seen  at  the  west  end  of  the  Rock  and  are  indicated  in  ttie 
ibove  figure.     They  are  now  mineral  veins.     The  more  south- 
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era  one,  a,  eontaius  cliiefly  prehnite,  with  traces  of  copper  ore, 
and  the  trap  along  its  course  is  solid  or  little  altered.  Tbe 
other  is  situated  about  half  way  between  the  sides.  It  con- 
tains abuDdantiy  the  very  hydrous  mineral  laumontite  and  the 
trap  along  it  is  decomposed  ;  it  contains  also  impnre  chlorite, 
and  is  fragile  for  a  breadth  of  six  to  ten  inches.  A  similu- 
lanmontite  vein,  but  nearer  the  north  wall  of  the  dike,  is  geen 
at  Whitneyville,  and  also  in  the  trap  of  Whitney  Peak. 

The  junction  of  the  Whitney  Peak  part  of  the  dike  wit!] 
BB'  takes  place  in  the  bed  of  the  stream  at  Whitneyville,  and 
is  not  now  exposed  to  view  owing  to  the  dam  and  the  boild- 
ings  below  it,* 

The  level  of  the  trap  beneath  the  dam  is  but  a  few  feet 
above  and  below  tide  level.  The  height  of  the  Whitnej 
Peak  dike  increases  eastward ;  first  by  a  sudden  rise  of  llW 
feet,  and  then  more  gradually  in  the  last  5(M>  yards  to  2S'i 
feet  Whitney  Peak  has  a  bold  front  to  the  eastward  witJi 
sandstone  at  its  base  showing  a  sudden  stoppage  of  the  fissDre 
in  that  direction  ;  and  at  the  same  place  it  widens  southward— 
not  by  overflow,  as  the  precipitous  eastward  front  and  the 
depth  of  the  trap  shows,  but  through  the  opening  of  a  trant- 
verse  tissare.  The  Kock  has  a  steep  wall  70  to  80  feet  high,  on 
the  north  side  of  the  summit  for  nearly  100  yards;  hat  this 
is  due  to  the  removal  of  the  sandstone  by  glacier  action,  expo^ 
ing  the  north  wall  of  the  trap  dike. 

The  narrow  dike  C  is  about  110  feet  long.  It  is  situated  in 
the  face  of  a  hlu£E  of  sandstone;  and  from  the  evidences  of 
heat  in  the  hardness  of  the  rock,  its  mottled  and  light  grav 
color  in  places,  its  steam  tubes,  and  epidote,  it  is  plain  that  the 
ejection  determined  the  resisting  power  of  the  aandstooe 
against  denuding  agencies.     The  following   iigures  represent 
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* 
a  narrow  stream  of  trap  (fiir.  9),  coming  out  above  a  layer  of 

the  sandstone  6  to  6  feet  thick,  the  main  part  of  the  dike  appear- 
ing below.  This  envelope  of  sandstone  by  trap  continues  for  30 
feet,  when  the  two  parts  come  together  again.  The  depth 
at  which  the  side  stream  goes  off  from  the  main  dike  is  not 
known.  The  inclination  of  the  dike  is  mostly  25°  to  28°  (fig.  7) 
from  a  vertical,  but  at  45  feet  from  the  west  end  it  becomes  40° 
(fig.  8),  and  10  feet  beyond  this,  30°. 

The  sandstone  of  the  Mill  Rock  region  is  of  all  degrees  of 
coarseness  up  to  cobble-stone  conglomerate ;  and  no  distinction 
is  observable  between  that  of  the  west  and  east  ends. 

Origin  of  the  Mill  Rock  features. 

The  subdivision  of  the  trap  into  its  four  masses  may  be  ex- 
plained in  the  same  way  as  that  in  the  Pine  Rock  area.  A 
downfall  of  the  northern  sandstone  wall  of  the  fissure,  the 
hanging  wall,  would  account  for  the  separation  of  AA'  and 
BB'.  Further,  the  obstruction  thus  occasioned  to  the  great  as- 
cending stream — its  width  150  to  200  feet — would  have  forced 
t»pen  passages  to  the  surface  for  the  discharge  of  the  liquid 
trap,  and  thus  may  have  been  produced  the  small  dike  C, 
situated  near  the  fissure  wall,  and  the  remoter  mass  D.  The 
irregularities  of  the  little  dike  (^,  and  the  situation  of  both  C 
and  D  to  the  north  of  the  line  of  the  dike,  accord  with  this 
idea  of  a  downfall  of  a  part  of  the  northern  wall.  The 
liability  to  such  a  catastrophe  in  a  wall  made  of  the  rude  sand- 
stone 3000  feet  or  more  liigh,  and  having  a  large  inclination, 
was  augmented  in  both  Pine  Rock  and  Mill  Rock  by  the  tilted 
position  and  faulted  state  of  the  sandstone.  The  beds  had 
already  received  their  eastward  dip  of  15°  to  25°,  and 
breaks  and  faults  innumerable  that  had  been  made  in  the 
adjustment  to  the  new  tilted  position;  it  was  therefore  a 
tottlish  structure  overhanging  a  profound  abyss.  The  fact 
here  introduced  that  the  eastward  pitch  of  the  sandstone  was 
given  it  before  the  ejection  of  the  trap  is  sustained  by  facts 
reported  beyond.  But  an  argument  for  it  is  afforded  here : 
for  if  this  eastward  pitch  were  of  subsequent  origin,  then  the 
Whitney  Peak  end  of  the  system  should  be  the  lowest.  In- 
stead 01  this  it  is  greatly  the  highest ;  the  ridge  slopes  west- 
ward. 

It  18  possible  that  the  fissures  of  AA'  and  BB'  were,  from 
the  first,  independent  fissures  to  a  considerable  depth ;  for  they 
are  not  in  precisely  the  same  line.  If  this  were  so,  the  above 
explanation,  while  in  the  chief  points  right,  would  require 
tome  modification. 

As  in  Pine  Rock,  so  with  Mill  Rock  but  to  a  less  degree, 
the  northward  pitch  of  the  dike  made  it  easy  of  degradation 
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by  sea-shore  action.  Through  such  means,  bejond  doubt,  the 
part  of  it  extending  from  Mill  River  westward  for  300  yards, 
was  reduced  to  a  widtli  above  ground  of  40  to  50  feet.  This 
narrowing  commeiices  j'ufit  west  of  the  Pumping  House  of  the 
City  Water  Works  {p,  fie.  5),  and  continues  without  iuter- 
ruption  to  the  river.  It  is  part  of  the  evidence  of  a  greater 
New  Haven  Bay  at  some  former  time. 

Why  the  range  falls  gradually  to  so  low  a  level  at  Whitney- 
ville,  appears  to  be  cxpuiined  only  on  the  view  that  less  trap 
here  came  to  the  surface.  I  have  elsewliere  shown  that  it 
cannot  be  due  to  glacial  removal.  Neither  is  it  probable  that 
fluvial  or  marine  waters  have  produced  it.  We  liave  to  attri- 
bute it  to  some  condition  existing  or  produced  in  the  supply- 
fissures  of  eastern  Mill  Rock  and  Whitney  Peak,  at  the  time 
they  were  opeTied. 

Besides  the  dikes  of  Pine  Kock  and  Mill  Rock,  there  is  another 
transverse  dike  uf  sfieciat  intcrext  which  intersects  the  West  Rock 
ridge  just  below  the  margin  of  Wintergreen  Lake,  or  about  one 
and  a  qiinrler  miles  north  of  tlie  southern  termination  of  the  ridge 
and  four  miles  from  New  Haven  Bay,  It  descends  the  eastern 
slope  of  West  Rock  In  an  inierruptea  ridge,  forms  part  of  the 
southern  bank  of  Wintergreen  Lake,  sinks  to  the  level  of  the 
West  Rouk  surlace  at  the  summit,  but  stands  out  like  a  buttress 
along  the  steep  west  front  o>  the  Rock.  From  the  last  feature 
I  have  called  it  for  the  past  Iweniy  years,  the  "Buttress  dike." 
It  extends  south- westward  through  the  meiamorphic  region 
of  the  towns  of  Woodbridge  and  Orange  to  the  mouth  of  the 
Housatonic — as  long  since  maitped  aud  desci-ibed  by  Pereival. 
This  dike  has  a  pitch  northward,  iimountiug  to  25°  from  a  vertical 
'■■■    •'■■  •  ]iart  "V  It  inlerseeting  '\Vui!l  liock,  but  in  ihat  Ihniiigb 


«/.  D.  Dana — Features  of  non-volcanic  Igneous  J^ecUons,     91 

denudation  by  the  sea,  rivers  and  ice,  it  has  lost  all  of  the 
sandstone  formation  that  may  have  covered  the  summit,  and 
for  the  most  part  that  over  its  slopes  above  the  200-foot  con- 
tonr-line.  The  form  of  its  upper  portion  is  therefore  largely 
that  of  the  trap  in  its  constitution — the  hard  rock  that  was 
most  successful  in  resisting  wear.  This  fact  gives  special 
interest  to  the  larger  and  more  detailed  topographical  map 
making  Plate  III,  as  will  appear  beyond.* 

To  the  north  is  Whitney  Peak,  which  has  already  been 
described  as  the  eastern  extremity  of  the  Mill  Rock  series. 
South  of  this  and  of  a  large  area  of  sandstone,  are  East  Bock 
and  Indian  Head,  one  in  trap  surface,  but  in  fact  the  result  of 
two  independent  outflows.  To  the  south  of  Indian  Head  is 
Snake  Rock,  which  also  has  its  large  trap  mass,  but  is  peculiar 
in  having  ridges  of  hard-baked  sandstone  that  are  higher  than 
those  of  trap.  The  East  Rock  areas  of  trap  here  referred  to 
are  lettered  on  the  map  BB',  CC'C^',  DD'.  Besides  these 
there  is  a  more  northern  one,  lettered  AA',  which  lies  near  the 
eastern  foot  of  Whitney  Peak. 

The  trap-rrmss  A  A', — This  northernmost  mass,  is  about  one 
hundred  yards  long.  At  its  northern  end  it  is  only  forty  feet 
distant  from  the  trap  of  Whitney  Peak,  and  it  is  a  question, 
therefore,  whether  it  is  not  a  part  of  the  latter  dike.  But  it 
is  separated  from  it  by  outcropping  sandstone,  except  where 
the  interval  is  narrowest,  and  at  this  point  there  was  until 
recently  drained,  a  standing  pool  of  water,  a  pretty  good  indi- 
cation that  sandstone  exists  beneath,  since  trap  is  commonly 
too  much  fissured  to  hold  water  or  afford  springs.  Moreover, 
the  mass  A  A'  has  the  trend  of  the  East  Rock  series;  and, 

*  The  map  of  East  Rock  Park  which  is  the  basis  of  Plate  HI,  was  obtained 
from  the  Bogineer  department  in  New  Haven,  through  the  City  Engineer,  Mr. 
A.  B.  Hill.  The  roads  of  the  Park  from  the  termination  of  Orange  St.,  around  by 
the  north  to  the  summit  of  Kast  Rock  are  lettered  F,  and  the  others  E.  These 
letters  refer  to  two  citizens  of  New  Haven,  Henry  Famam  and  James  R.  English, 
who  liberally  bore  the  expense  of  their  constniction.  The  topography  is  in  part 
from  the  Bache  Coast  Survey  map :  but  the  accuracy  of  its  contour  lines  was  not 
sufficient  for  their  transfer  to  the  Park  map.  The  heights  are  reckoned  from 
high  tide.  The  map  is  indebted  to  Prof.  S.  E.  Barney,  for  the  determination  by 
leveling  of  the  height  of  the  highest  point  of  East  Rock,  just  south  of  the  monu- 
ment (35S^  feet)  and  also  of  other  points  on  its  south  and  east  sides,  and  for  that 
of  the  junction  of  the  trap  and  sandstone  on  the  west  front  near  Orange  St.  bridge 
(165  feet).  The  height  of  the  bolt  at  the  Coast  Survey  Station  he  found  to  be 
343  feet,  and  the  height  of  the  top  of  ihe  first  step  leading  to  the  terrace  about 
the  monument,  355  feet.  (Prof.  Barney's  figures  are  underscored  on  the  map). 
The  circuit  road  about  the  summit  has  a  height  of  320  to  350  feet ;  and  the  nearly 
parallel  road  on  the  east  rises  from  about  2 1 6  feet  near  the  quarries  south  of  the  sum- 
mit, to  270  near  the  junction  of  the  ''  Famam  drive"  and  *'  English  drive,"  and  thence 
declines  northward  to  about  250  where  it  bends  westward.  The  letters  S  on  the 
map  indicate  an  outcrop  of  sandstone  in  the  vicinity  of  junctions  with  the  trap. 

In  frying  the  topography  of  the  Rock,  the  quarry  excavations  on  the  south 
side  above  a  level  of  216  feet  are  not  introduced,  it  seeming  best  to  represent  the 
Rock  in  its  original  form.    They  are  separately  mapped  on  the  plate. 


92     J.  I).  Dana — Features  of  non-volcanic  Igiieout  ^ectimt. 

besides,  ledges  of  trap  alone  the  east  side  appear  to  indicate 
tliat  the  Eopply  of  liquid  rocK  was  from  the  eastward,  like  th»t 
of  East  Kock.  On  this  view  it  is  the  northern  mass  of  tbe 
East  Rock  scries. 

£a«t  Rock  proper. — The  trap  mass  BB',  or  East  Bock, 
eiirvee  around  from  N,  25°  E,,  on  the  north  to  K.  75°  W.  at 
the  southwest  extremity.  Adding  to  it  the  Indian  Head  mase, 
it  ends  in  an  east-and-west  dike,  and  is  a  complete  crescent  Id 
outline.  It  has  a  bold  columnar  front,  in  which  the  columiu 
incline  about  22°  from  a  vertical — the  position,  being,  ae  a 
usual,  at  right  angles  to  the  mean  dip  of  the  tilted  sandstone. 
A  view  of  the  southwest  front  of  trie  Rock  is  presenied  on 
Plate  IV.  Plate  V  illustrates  the  character  and  inclined 
position  of  the  columns,  and  shows  the  contrast  in  the  latter 
i-espect  with  Pine  Rock. 

The  upi>er  200  feet  are  of  trap.  The  junction  of  the  col- 
umnar trap  with  the  sandstone  is  exposed  to  view  at  several 
points  along  the  front.  One  such  exposure  may  be  seen  whea 
crossing  the  Orange  Htreet  bridge.  The  view  m  Plate  IV,  in 
which  the  bridge  appears  in  the  foreground,  has  the  exposure 
half  way  up  the  front  to  the  right.  The  height  of  the  junction 
plane  above  mean  tide  at  this  place  is  155  feet.  Another  ie 
faintly  indicated  on  the  same  plate  directly  below  the  Kefresh- 
ment  House;  the  height  of  the  junction  is  there  150  feet.  In 
other  exposures  of  tlie  junction -plane  to  the  north,  the  height 
is  less  and  becomes  only  8.5  feet  near  the  Rock  Lane  bridge; 
and  it  is  also  lees  to  the  south  being  but  132i  feet  at  B',  the 
southwest  angle  of  the  trap  mass.  Since  the  strike  of  the 
siindstonu  of   tliL'  leglon   l«  iiboiit  X.  30"  W..  tin-  sAii<i>tui]^  (^.r 
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height,  descends  at  the  angle  mentioned.  Since  the  surface 
there  exposed  became  solidified  against  the  northern  sandstone 
wall  of  the  fissnre,  the  rock  is  of  fine-grained  texture  and  has 
an  irregularly  rifted  aspect.  The  foot  of  the  wall  is  about  200 
feet  above  high  tide,  and  from  it  the  land,  underlaid  by 
sandstone,  slopes  oflF  gently  to  the  eastward.  Since  the  direc- 
tion of  this  wall  of  trap  is  S.  15°  W.,  or  that  of  the  movement 
of  the  ice  over  this  region  in  the  Glacial  era,  the  wall  escaped 
the  tearing  action  of  the  glacier,  and  so  retains  its  original 
surface. 

Farther  south,  along  a  line  from  d  to  ^,  there  is  a  similarly 
steep  slope,  but  it  is  made  of  displaced  blocks  of  trap.  At  its 
base  there  is  a  flat,  terrace-like  surface,  which  is  near  200  feet 
above  tide  level.  This  steep  slope  appears  hence  to  have  been 
the  course  of  the  wall  of  another  part  of  the  supply-fissure. 
The  flat  terrace,  although  nearly  100  feet  wide,  is  without 
stones  over  its  surface  of  either  trap  or  sandstone  except  in  its 
southern  portion,  and  there  occur  sandstone  in  fragments  along 
with  trap,  and  an  outcrop  of  sandstone  over  trap  at  S.  This 
fact  and  the  occurrence  of  a  perennial  spring  in  this  southern 
part  (at  the  point  toward  which  the  two  paths  on  the  map, 
Plate  III,  descend)  make  it  probable  that  the  terrace  rests  on 
sandstone,  and  that  this  sandstone  was  that  bounding  on  the 
east,  the  tjupply-fissure  above  referred  to. 

But  there  is  trap  again  to  the  east  of  this  terrace,  showing 
that  the  lower  eastern  slopes  were  supplied  from  a  more 
eastern  fissure.  Along  from  c  to  rf,  tne  trap  of  the  outer 
fissure  appears  to  have  flowed  over  and  coalesced  with  that  of 
the  inner.  Again  south  of  ^,  the  distinction  of  the  two  fissures 
cannot  be  made  out.  But  the  fact  that  the  supply  fissures, 
one  or  both  had  a  large  inclination — not  far  from  45° — is 
evident  from  the  very  steep  slope  of  the  surface. 

Sections  of  the  dikes  of  trap  are  nowhere  exposed,  and  hence 
we  are  ignorant  of  the  width  of  the  supply-fissures.  Judging 
from  those  of  Mill  Rock  and  Pine  Bock,  it  may  have  been 
150,  200  or  300  feet ;  but  it  was  possibly  much  less. 

Tlie  Outflows. — In  East  Bock,  the  trap  which  overlies  the 
sandstone  along  the  front,  was  that  of  outflows  from  the 
fissures  westward  between  layei's  of  the  tilted  sandstone.  The 
fact  that  the  columns  of  trap  have  a  position  at  right  angles 
nearly  to  the  inclined  layers  of  sandstone  is  believed  to  be 
good  evidence  of  this  intrusion  of  the  melted  trap. 

Fig.  10  represents  the  view  that  has  ordinarily  been  held 
with  regard  to  the  relative  positions  of  the  trap  and  sandstone. 
According  to  it  the  trap  left  the  dike  to  flow  westward 
between  sandstone  layers  having  a  dip  of  20°  to  25°.  A  space 
was  opened  between  the  layers  of  sandstone  which  the  liquid 


94    J.  D.  Dana — Featttrta  of  noti-rolcanio  Ignwu«  I^ectioni. 

trap  SDed.  It  is  plain  that  tliis  chamber  could  not  have  beei) 
BO  opened  in  advance  of  the  inflow;  for  the  banging  wall  of 
the  weak  sandstone  inclined  65°  would  have  had  no  snpport 
It  is  hence  evident  that  the  ascending  stream  of  trap,  forced 
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along  its  course,  opened  a  way  between  tlie  layers;  that  » 
tongue  of  trap  first  entered,  which  would  have  been  partly 
cooled  against  the  cold  rock  ;  but  the  flow  was  kept  up  below 
this  first  intruding  portion  until  the  trap  had  all  entered,  the 
lifting  of  the  overljmg  sandstone  going  on  as  it  needed  more 
space.  This  lifting  would  have  bmught  a  strain  on  the  saad- 
stone  that  would  have  broken  the  connection  between  the 
liflcti  portion  and  thiit  either  nde,  to  the  northward,  wostwani 
iind  so  nth  westward.  To  the  question,  therefore,  bow  far  did 
the  trap  flow  westward,  the  conditions  reply:  to  the  wall  of 
such  a  fracture ;  and  it  may  not  have  extended  many  rods 
beyond  the  present  limit,  "the  sandstone  of  the  western  wall 
has  disappeared  in  the  general  denudation  over  the  New 
Haven  region,  excepting  a  small  part  at  the  sontliwest  angle, 
where  a  zigzag  path  {Z,  Plate  III)  ascends  to  its  top  ;  llie 
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to  west  (or  more  exactly  E.S.E.  to  W.S.W.  since  this  is 
poximately  the  direction  of  a  transverse  diameter)  drawn  to 
ale,  fig.  11,  throws  some  li^ht  on  these  points. 


Section  of  East  Rock,  showing  the  correct  profile. 

his  section  is  essentially  right  in  its  profile,  but  more  or 
doubtful  in  its  interior  lines.  The  height  of  the  upper 
ace  of  the  outflow  where  it  left  the  dike  at  df  is  265  to  270 
.  It  was  not  less  than  this ;  for  we  have  this  height  for 
top  of  the  bare,  unabraded  wall  of  trap  (adding  the  part  of 
ader  the  Summer  House  west  of  the  road).  The  length  of 
overflow  to  the  present  western  front,  is,  as  already  stated, 
at  300  yards.  The  height  of  the  western  brow  of  trap  in 
section  is  355  feet  ;*  and  that  of  the  bottom  of  the  trap  in 
western  front,  155  feet.  These  are  facts;  and  the  diver- 
ee  here  from  figure  10  is  very  great.  Further,  the  mean 
le  of  the  trap  surface  over  the  summit  is  10°  instead  of  22°, 
mean  dip  of  the  sandstone.  The  latter  dip  is  shown  in 
lines  dn  ;  and  if  the  floor  had  originally  this  pitch  through- 
the  thickness  of  the  trap  would  have  been  about  450  feet, 
being  the  distance  on  the  scale  of  the  section  between  dn 
d'n\  while  actually  it  is  only  200  to  210  feet, 
'he  question  arises :  How  was  the  lower  slope  of  10°  at- 
ed,  and  how  the  lessened  thickness.  Are  they  a  result  of 
r  by  glacial  or  other  methods ;  or  was  the  present  slope 
roximately  the  original  slope  of  the  outflow  ?  A  large 
►unt  of  observation  over  trap  ridges  leads  me  to  believe 
;  the  loss  over  East  and  West  Rocks  by  abrasion  has  been 
11,  probably  not  over  50  feet.  The  glacier,  as  it  was  shoved 
ig,  miffht  easily  have  torn  oflf  columns  from  the  front,  but 
ould  have  made  little  impression  on  the  exposed  surfaces, 
peover  glacial  abrasion  would  hardly  have  left  the  highest 
its  of  the  summit  so  near  the  western  edge, 
f  the  outline  of  the  summit  approaches  that  of  the  original 
low,  then — d  being  the  lower  limit  of  the  trap  on  the  front 
line  drawn  from  d  nearly  parallel  to  the  summit  plane, 

rhifl  is  the  height  80  feet  north  of  the  Summit  Refreshment  House,  just  west 
le  road,  this  l:)eing  the  highest  point  over  this  northern  lialf  of  the  summit 
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would  probably  represent  the  positioa  of  the  bottom  of  the 
ontflow.  The  line  d  I"  V  I  lias  been  drawn  on  this  view.  It 
supposes  that  the  trap,  on  leaving  the  dike,  paeeed  between  two 
layers  of  sandstone  from  I  to  I'  and  that  afterward  it  broke 
away  the  layer  beneath  it  and  flowed  on,  either  over  tlie  edges 
or  surfaces  of  layers  as  the  conditions  favored. 

The  only  spot  wh^re  a  section  of  the  floor  or  plane  of  junc- 
tion of  trap  and  sandstone,  is  seen,  is  at  A',  the  eouth-soulb- 
west  corner  of  the  trap-mass,  by  the  road-side.  There,  for  a  few 
yards,  the  trap  rests  on  upivrned  ledges  of  sandstone,  .and  not 
on  one  continuous  layer.  The  section  is  too  short  for  any  reli- 
able conclusion  were  it  not  sustained  by  facts  from  West  Rock. 

The  section,  fig.  II,  also  represents  the  inner  and  o»Ur 
dikes  described  above,  with  the  intervening  (?)  sandstone.  The 
doubts  with  regard  to  the  widths  of  these  dikes  and  the  area 
of  sandstone  have  already  been  the  subject  of  remark. 

Columns  stand  out  boldly  on  the  steep  western  front  of  E«ft 
Rock.  But  they  have  none  of  the  normal  forms,  for  the  angle 
between  the  most  prominent  faces  frequently  approaches  a 
right  angle,  resulting  from  a  combination  of  the  plane  of  fra^ 
ture  at  right  angles  to  the  trap-mass  and  another  transveret' 
The  direction  of  these  planes  varies  along  the  coarse  of  the 
Rock  on  account  of  tlie  curve  in  its  outlines.  At  the  quarry, 
on  the  south  side  of  the  summit,  at  the  termination  of  the 
zigzag  path  Z,  there  is  a  fine  display  of  broad  surfaces  in  the 
two  directions  meeting  nearly  at  a  right  angle.  The  courses 
here  arc  about  N.  35°  E.  and  N.  55°  W.  The  surface  of  one 
of  them  for  many  squai-e  yanis  is  covered  with  rosettes  of 
gamuts  and  scattered  minute  crystals  of  magnetite,  their  fac^s 
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of  East  Rock  and  110  below  that  of  Indian  Head,  and  proba- 
bly sandstone  intervened  for  the  greater  part  of  this  depth ; 
for  the  two  Rocks  face  one  another  with  steep  slopes,  as  well 
brought  out  on  the  map,  Plate  111.     These  continue  to  be 


Section  of  Indian  Head. 

steep  to  the  very  foot  of  each,  where  they  approach  one  an- 
other down  the  eastern  slopes.  Their  bases  are  here  in  inde- 
pendent valleys,  designated  on  the  map  by  the  letters  E  and  I, 
separated  by  a  low  trap  ridge,  R,  so  that  East  Rock  and 
Indian  Head,  although  the  trap  extends  over  the  surface  of  the 
gap  from  one  to  the  other,  are  nowhere  united  at  base.  The 
eastward  sloping  valley,  I,  lying  at  the  northeast  foot  of  Indian 
Head  is  continued  in  a  westward  sloping  valley  I',  at  its  north- 
western foot,  and  the  two  together  deline  its  outline.  The  low 
trap  ridge  R,  between  E  and  I,  although  consisting  at  surface 
mostly  of  blocks  of  trap,  has  a  solid  ledge  in  its  lower  part. 
It  probably  crosses  the  gap  westward  ;  and  the  Summer  House, 
near  201  on  Plate  III,  may  be  on  its  western  part.  The  valley 
E,  at  the  southeast  foot  of  East  Rock,  is  perhaps,  a  result  of 
glacial  action ;  but  why  there  should  be  two  valleys  side-by-side 
if  erosion  made  either,  is  not  explained. 

The  trap  of  Indian  Head  rises  from  the  bottom  of  the  small 
valley  just  mentioned  apparently  in  two  half-separated  streams 
instead  of  one  even  stream  ;  but  this  feature  may  be  a  result 
of  erosion.  The  eastern  outline  of  the  trap  (see  Plate  III)  is  in 
a  line  with  the  eastern  of  the  East  Rock  trap,  indicating  that 
the  supply-fissure  corresponded  in  direction  with  the  outer  and 
not  the  inner  of  the  East  Rock  courses  of  fissures.  The  two 
Rocks,  although  alike  in  features,  are  to  a  large  degree  inde- 
pendent. Abrasion  helped  to  deepen  the  gap  between  them, 
but  more  by  the  removal  of  sandstone  than  of  trap. 

Indian  Head  is  peculiar  in  having  a  long  eastward  projection 
from  the  southern  end.     It  is  described  on  a  following  page. 

The  mode  of  origin  of  the  trap-masses  of  East  Rock  and 
Indian  Head — by  a  forced  fiow  of  lava,  opening  through  its 
uplifting  action,  a  chamber  in  the  sandstone  for  its  accommo- 
dation— entitles  the  two  to  be  called  laccoliths.  Through 
degradation,  stripping  them  of  the  covering  of  sandstone,  they 
stand  side-by-side — ^a  pair  of  laccoliths. 
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Snake  Sock. — In  Snake  liock,  a  broad  uibsb  of  trap  meuar 
ing  about  900  by  450  feet  in  its  two  diameters  lies  encased  in 
saudetone.  The  greatest  height  of  the  trap  ia  but  160  feet, 
and  that  of  the  sandstone  west  of  it  over  200  feet.  The  trap 
covers  the  eastern  slope  of  the  Rock  nearly  to  its  foot,  thns 
showing  that  the  supply-fiBsure  was  on  that  side,  as  in  other 
parts  of  the  East  Rock  series,  and  also  indicating  by  its  steep 
ness  that  the  lissure  was  much  inclined.  At  the  sonth  end  of 
the  Rock,  in  the  yard  behind  the  north  corner  of  the  Basser- 
mann  hou^e,  at  a  junction  of  the  trap  and  sandstone,  the  dip 
is  about  40° ;  and  this  is  direct  evidence  as  to  the  inclinatioa 

The  area  of  trap  of  Snake  Rock  lias  on  the  north  the  width 
of  that  of  Indian  Head;  and  the  mass  may  hence  owe  its  in- 
creased width  northward  to  an  outflow.  If  so.  Snake  Rock 
contains  a  half-cnierted  laccolith,  its  summit  exposed,  bat  the 
western  wall  of  sandstone  still  standing  and  overtopping  the 
trap.  The  sandstone  shows  everywhere  the  effects  of  hot 
vajwrs  in  all  their  varied  forms,  and  before  encroachments 
were  made  by  a  brewery  there  was  a  tine  display  of  colnmoar 
sandstone  in  the  sontliwestern  bluff. 

Oriffin  of  the  breaks  in  the  East  Rock  teriea. 
The  prominent  breaks  in  the  East  Hock  series  are  that  be- 
tween Indian  Head  and  Snake  Rock,  and  that  separating  the 
small  northern  area,  AA',  from  the  main  East  Rock  mass,  BE'. 
The  Indian  Head  and  Snake  Rock  masses,  CC  and  DD', 
a]>proach  one  another  bluntly  within  a  hundred  yards,  and  the 
area  of  sandstone  between  has  parallel  sides,  as  tlie  map, 
PliiU'  III.  shnwri.      In  view  of  the  stfi-|.    jiiti'li   uf  the 
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a  catastrophe  that  closed  the  fissure  for  the  interval  between 
tbem,  which  is  only  200  feet  wide,  jet  left  it  giving  out  heat, 
and  generating  volumes  of  hot  vapors  for  the  consolidating  work. 
The  East  Kock  masses  of  trap  may  therefore  be  traced  to 
two  ranges  of  fissures.  The  western  was  the  probable  source 
of  the  most  northern  area,  AA  ,  and  of  the  summit  portion  of 
that  of  BB'  on  East  Rock.  The  eastern,  contributed  to  the 
lower  slopes  of  East  Rock ;  and  also  through  its  continuation 
southward  gave  origin  to  the  trap  of  Indian  Head  and  Snake 
Rock.  But  for  the  accident  to  the  hanging  wall  of  the  great 
fissure,  the  trap  of  Indian  Head  and  Snake  Rock  would 
have  made  one  continuous  mass,  and  the  columnar  front  of  the 
former  might  have  been  continued  over  part  of  the  present 
Snake  Rock  area.  The  areas  of  trap  in  the  East  Rock  series 
narrow  both  to  the  south  and  the  north. 

4.    WEST   ROCK. 

The  facts  and  conclusions  relating  to  the  West  Rock  region 
derive  prominent  interest  from  their  pertaining  to  one  of  the 
long  trap-ranges  of  the  Connecticut  Valley  region.  The  area 
is  represented  on  the  accompanying  map,  Plate  VI,  from  a 
survey  made  by  the  author  with  chain  and  hand-level  in  1879 
and  1880.  The  20foot  contour-lines  of  the  steep  western  and 
southern  fronts  of  the  Rock  and  the  geographical  positions 
are  from  Bache's  Coast  Survey  map  ;  but  the  other  contour- 
lines  exhibiting  the  surface  features,  which  required  for  map- 
ping detailed  measurements,  are  those  of  the  author.* 

Features. — (1.)  While  the  general  course  of  the  West  Rock 
Range  is  northand-south,  the  western  foot  of  the  blunt  south- 
em  extremity  bends  round  to  an  eastward  course,  and  ends 
with  north  30°  east.  The  summit  of  the  ridge  also  curves,  in 
its  last  500  yards,  around  to  S.  70°  E  or  nearly  to  east-by-west. 
Its  height  in  this  part  is  399  to  405  feet  above  high  tide,  the 
geodetic  station  at  the  extremity  being  399  feet.  The  eastern 
foot  of  the  ridge  has  no  corresponding  bend. 

(2.)  The  trap  of  the  Rock  is  a  continued  mass  instead  of 
being  divided  into  several  masses  through  a  multiplication  of 
ontletSw  But  it  has  a  large  bay  of  sandstone,  of  triangular  out- 
line, in  its  southeastern  portion,  which  from  its  form  is  called 
the  Triangle.  (3.)  South  of  the  Triangle  there  is  a  prolonged 
hook-like  point  making  the  southeast  termination  of  the  trap. 

(4.)  North  of  the  Triangle  commences  the  tiap  of  the  west 
slope  of  the  mountain.  For  a  distance  of  500  feet  near  the 
foot,  increasing  to  800  feet  above,  the  surface  of  the  trap  is 
here  elevated  sixty  to  eighty  feet  or  more  above  the  level 

*  The  dotted  line  on  Plate  II  is  the  north  limit  of  the  map,  Plate  VI.    Heights 
C  to  Oa  are  plane-table  results  of  Prof.  H.  A.  Newton,  from  Bache's  399  as  base. 
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farther  north.  Moreover  it  ie  raieed  into  ronnded  ridges,  mi 
Bome  of  these  ridges  have  a  hiffh  inclined  wall  ou  the  eoDtli 
eide.  The  first  of  these  walls  adjoins  the  Triangle  and  has  i 
height  of  Beventy-five  feet,  a  slope  of  about  45  and  an  even 
flat  surface  free  from  marks  of  abrasion,  Aoother  siuailarwall 
farther  north  is  thirty  feet  high.  The  smaller  tronghs  are 
mostly  one  to  three  yards  deep.  The  angle  of  eiope  id  the 
embossed  surface  between  the  300-foot  and  100-foot  contoor- 
linee  is  less  than  17°;  and  in  the  surface  north  of  it  leaa  thiin 
14°.  (5.)  Tlie  long,  hook-like  point,  above  referred  to,  is  not  i 
simple  ridge  of  trap,  like  that  from  an  ordiaarv  fissure,  hot 
consists,  as  seen  along  its  northern  side  (Plate  Vl),  of  a  series 
of  rounded  ridges  \vhich  increase  in  height  to  the  westward. 
Hke  those  of  the  elevated  surface  of  trap  on  the  other  side  of 
the  Triangle,  iloreover,  all  these  wrinkle-like  ridges,  concave 
troughs  and  obliqne  walls,  have  a  general  parallelism.  (6.) 
The  emlnisseil  surface  north  of  the  Triangle  has  lost,  through 
glacial  abrasion,  as  a  consequence  of  its  elevation  above  the 
general  level,  all  of  the  sandstone  once  covering  it,  even  to  the 
fix»t  of  the  niomitain.  excepting  small  portions  in  two  of  the 
trough:-.  Farther  north  the  sandstone  remains  in  some  places 
nearly  to  the  300-foot  contour-line.  (1.)  The  trap  of  the 
omltossed  area  that  was  thus  uncovered  suffered  little  from  the 


abrasion ;  for  the  rock  of  the  surface  has  the  tinenesB  of  graiu 
and  other  characteristics  of  the  contact  rock.  This  is  true  also 
of  the  trap  of  the  southeast  poiut.  Moreover,  in  many  places 
on  this  |x>int  be!ow  300  feet,  the  trap  contains  imbedded  fr^- 
ments  of  the  sandstone  which  fell  into  it  while  it  was  still 
liquid.  The  trap  of  other  ^mrts  of  West  Rock  ridge  rarely 
shows  evidence  of  abrasion  below  a  level  of  3'Xl  feet     On  the 
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nndetermined.  Exposures  that  will  afford  the  facts  are  most 
likely  to  be  found  along  the  eastern  base  of  the  ridge.  At  one 
place  where  the  surface  of  trap  had  been  uncovered  but  not 
abraded,  which  was  seemingly  favorable  for  a  safe  conclusion, 
the  slope  was  25°  to  30°,  and  suggested  the  angle  of  30°  for 
the  inclination.  But  the  trap  at  the  place  may  have  been  part 
of  the  outflow^  and  not  that  of  a  dike.  Observations  along  the 
eastern  slope  of  the  range  farther  north  may  obtain  decisive  facts. 

The  Outflow. — The  slopes  of  the  higher  parts  of  the  West 
Rock  ridge,  the  pitch  of  tne  columns  of  the  western  front,  and 
the  resemblance  in  features  of  West  Rock  to  East  Rock,  lead 
to  a  like  conclusion  for  the  two,  that  the  outflow  was  lacco- 
lithic ;  in  other  words,  that  the  liquid  rock  forced  its  way 
between  layers  of  sandstone,  and  made  the  chamber  it  occu- 
pied. The  present  thickness  of  the  mass  is  nearly  250  feet. 
The  overlying  sandstone  is  to  a  large  extent  the  weak,  chip- 
making  rock  of  dark  red  and  purplisn  color  already  described. 
It  is  remarkable  that  a  rock  of  so  feeble  coherence  could  have 
been  lifted  in  the  way  mentioned. 

The  questions  suggested  by  East  Rock  here  come  up  again : 
Whether  the  feeble  slope  of  the  surface  from  the  west  edge  of 
the  summit  eastward  to  the  300-foot  contour-line,  and  the 
small  thickness  of  the  trap,  are  due  to  abrasion,  or  whether  the 
present  conditions  are  nearly  those  of  the  original  outflow.  As 
the  length  of  the  outflow  is  nearly  500  yards,  the  mass,  if 
forced  up  between  layei-s  dipping  25°  eastward,  would  have 
had  a  much  larger  amount  to  lose  by  abrasion  than  in  the  case 
t>f  East  Rock.*  Speculation  is  here  set  aside  by  the  actual 
east-and-west  section  of  the  Rock  which  is  presented  along 
its  southern  front,  and  is  shown  in  part  on  Plate  VII,  from  a 
photograph.f     It  exhibits  the  trap  resting,  to  the  eastward,  on 

*  The  thickness  does  not  admit  of  calculation,  because  the  onlv  datum  besides 
the  dip  of  the  sandstone,  is  the  height  of  the  bottom  of  the  trap  over  the  sand- 
stone on  the  west  front  (about  200  feet) ;  the  height  of  the  outflow  where  it  left 
the  fissure  is  not  ascertainable. 

f  The  fine  photojrraph  was  taken  by  M.  W.  Filley,  of  the  firm  of  Bundj  &  Filley, 
of  New  Haveu.  The  sandstone  lias  here  been  exposed  to  view  by  the  removal 
of  the  debris  for  macndamiziog.  The  irregular  line  in  the  plate  a  third  of  an 
inch  above  the  sandstone  was  the  limit  of  the  talus  or  debris  slope ;  and  the 
line  below  the  sandstone  is  the  profile  of  the  quarry  wagon  road.  Along  the 
part  of  the  section  represented,  the  height  of  this  road  is  ninety  to  one  hundred 
feet.  If  the  debris  were  wholly  removed  to  the  bottom  of  the  slope,  the  height 
of  the  sandstone  exposed  to  viow  would  be.  wher^  greatest,  over  1 5u  feet. 

The  photograph  does  great  injustice  to  the  view  in  the  diminution  of  the 
vertical  as  compared  with  the  horizontal  scale,  and  also  in  flatteniag  the  angle  of 
dip  in  the  sandstone.  200  feet  measured  on  the  quarry  road  reaches  from  the 
eastern  point  uf  the  sandstone  section  westward  to  within  twenty-five  feet  of  the 
Hne  of  the  deep  notch  in  the  columnar  front  of  the  Kock  (the  place  where  the 
first  section  of  sandstone  ends);  but  this  leogih  applied  vertically  to  the  front 
above  the  road  would  make  it  only  180  feet  in  height,  when  in  fact  this 
height  where  greatest  is  over  300  feet.  This  error  arises  partly  from  the  fact 
that  the  view  was  taken  from  the  terrace  opposite,  which  is  only  sixty  feet  high, 
but  more  from  the  error  in  an  ordinary  lens. 
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a  tilted  layer  of  the  eandgtone,  the  dip  of  which  eastward  i« 
25°.  Wc  are  left  to  conjectnre  as  regards  the  eastward  aod 
downward  continuation  of  this  taver  to  the  supply -tisaare 
(which  the  farther  removal  of  debris  might  perhaps  tincover). 
Bat  we  know  that  the  trap  coDtinnes  up  this  sloping  layer  for 
seventy-five  yards  from  the  commep cement  of  the  oatcrop. 
It  conforms  to  the  theoretical  view  of  an  ontflow  as  presented 
in  fig.  10,  on  page  94. 

Bot  on  reselling  the  end  of  the  seventy-five  yards,  there  is  a 
change.  The  trap  heyond  rests  on  the  edges  of  the  layers  in  a 
series  of  ledges  of  the  sandstone.  Moreover  there  is  bnt  little 
rise  westward  along  the  floor ;  for  a  line  drawn  along  the  top 
of  the  ledges  would  l>e  almost  horizontal,  and  have  therefore 
near  parallelism  to  the  surface  of  the  trap  at  the  sammit  west 
of  the  geodetic  station. 

The  following  figure  represents  the  eastern  extremity  of  the 
Bandstone  for  a  height   of   fourteen  feet,  together    with   the 


base  of  the  overlying  trap.     The  rock  is  partly  a  hard  baked 
granitic  Bandstfine.  and   jiartly   tlic   feeble  shaly  chip-making 
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character,  excepting  that  the  apparent  dip  is  Ibbb.  They  may- 
be followed  westward  along  the  qaan-yman'e  road  for  400 
yarde,  when  tber  begin  to  pass  into  the  normal  sections  of  the 
western  front,  that  is,  sections  in  wbioh  the  lines  of  bedding 
are  horizoDtal  because  they  are  in  the  line  of  strike  of  the 
Bandstone. 


mmfwm 


The  question  here  arises  :  Did  the  flowing  trap,  owing  to  its 
movement  and  weight,  wear  off  the  layers  of  sandstone  and  so 
make  the  succession  of  ledges  on  which  it  rests;  or  did  it 
escape  from  its  confining  cover  of  sandstone  into  the  open  air 
and  cover  in  its  flow  the  exposed  ledges  of  the  region.  The 
former  is  probably  the  correct  view.  Had  the  flow  become 
subaerial  there  would  have  been  at  once  a  decline  westward  in 
the  level  of  its  upper  aui'faee;  for  the  level  would  have  fallen 
as  soon  as  the  resistance  from  confinement  ceased.  There  it 
no  evidence  of  such  a  decline.  From  points  on  the  summit 
close  to  the  western  precipice  tlie  surface  for  the  first  300  yards 
]ia9  generally  a  slope  eastward  of  1  to  4,  or  1  to  5,  correspond- 
ing to  a  pitch  of  14°  to  11°,  The  decline  is  eastward;  not 
westward.  Such  a  rise  westward,  even  if  only  5°,  would  be  au 
impossibility  except  in  a  covered  passage-way,  that  is,  in  thi: 
present  case,  one  having  a  cover  of  the  sandstone.  Other 
evidence  bearing  in  the  same  direction  is  afforded  by  the 
position  of  the  columns  along  the  western  front,  which  pitch 
westward  15°  to  20°. 

The  summit  slope  eastward  of  14°  to  11°  is  less  than  the 
dip  of  the  sandstone,  and  favors  the  conclusion  that  the 
underlying  sandstone  was  in  many  places  torn  up  by  tli- 
heavily  moving  liqnid  trap,  while  left  in  place  elsewhere. 
The  floor  so  made  consisted  of  alternations  of  wide  strips  that 
bad  the  regular  dip  of  the  sandstone,  with  others  abraded  down 
to  nearly  flat  and  ledgy  surfaces;  and  the  former  prevailed 
sufficiently  to   determme  the   direction   of  the   contractional 
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fracture-planes  or  the  columnar  structure.  A  reduction  bo 
nearly  to  horizontality  ae  that  ehown  in  the  sonth  front  of 
West  Rock  along  with  parailelism  in  the  profile  of  the  6DD1- 
rait  may  not  be  common. 

West  Rock  teachcB  that  the  section  of  £aet  Rock  in  fig.  11, 
p.  95,  may  be  no  exaggeration.  Yet  it  ia  more  probable  that  die 
original  condition  was  intermediate  between  tliis  position  and 
that  indicated  in  this  diagram. 

Sections  similar  to  that  in  the  south  face  of  West  Kock  may 
be  looked  for,  with  some  probability  of  success,  among  man; 
of  the  trap-ranges  of  the  Connecticut  Valley  wherever  th^ 
terminate  in  transverse  sections.  All  that  is  necessary  b> 
ascertain  the  truth  is  to  remove  the  tains  of  trap  debris. 

Three  miles  east  of  New  Haven  (in  East  Haven)  a  sectioD 
was  opened  iu  cutting  for  a  carriage-road  through  the  second 
trap  ridge  west  of  Saltonstall  Lake ;  it  is  but  a  few  rods  west  of 
the  railroad  station.  The  facts  are  in  all  respects  similar  to 
those  of  West  Rock,  as  sJiown  in   the  annexed  figure.     The 


trap   covers   a   series   of  ledges   of  upturned   sandstone,   and 
shows  no  traces  of  displacement   subsequent   to   its  cooling. 
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The  trap  of  this  rid^e,  at  a  higher  level  above  the  sandstone, 
is  more  or  less  chlontic  and  in  many  places  amygdaloidal. 
Part  of  the  amygdnles  are  slender  cylinders,  two  to  three 
inches  long  and  nke  pipe-stems  in  size,  occurring  often  in 
groups — the  result  probably  of  the  sudden  vaporization  of 
particles  of  liquid  carbonic  acid. 

In  the  railroad  gap  through  the  Saltonstall  Kidge,  the  first 
west  of  Saltonstall  Lake  (''Pond  Ridge"  of  Percival),  the 
sandstone  appears  to  lie  in  a  similar  manner  unconformably 
beneath  the  western  extension  of  the  trap.  But  the  section  is 
now  too  much  covered  by  debris  for  a  satisfactory  observation. 
Two  miles  east  of  the  Saltonstall  ridge  in  Branford,  as  de- 
scribed by  Mr.  E.  O.  Hovey,*  the  trap  of  a  short  range,  the 
easternmost  in  this  part  of  the  sandstone  region  and  near  the 
gneiss  boundary,  overlies  the  upturned  edges  of  the  sandstone, 
and  there  is  between  the  two  rocks  a  layer  of  sandstone  con- 
glomerate containing  nodules  of  trap,  which  he  attributed  to 
the  rubbing  action  of  the  flowing  trap  on  the  sandstone. 

These  facts,  ranging  in  this  part  of  the  Connecticut  Valley 
over  the  whole  breadth  of  the  Jura-Trias  formation,  from  the 
west  side  of  the  New  Haven  region  where  the  trap  is  of  the 
compact  non-vesicular  kind  to  the  dikes  of  vesicular  trap 
toward  and  near  the  eastern  gneissic  border,  have  great  impor- 
tance in  their  bearing  on  the  subject  of  the  other  Jura-Trias 
ridges.  The  more  eastern  are  placed  by  Professor  Davis 
among  the  ridges  made  of  horizontal  subaerial  flows,  ejected 
before  the  upturning  of  the  sandstone  ;  and  the  more  western 
he  has  regarded  as  horizontally  ejected  and  subsequently  up- 
turned, although  admitted  to  be  interstitial  intrusions.  Neither 
of  these  conclusions  are  sustained  by  the  facts  which  have  been 
presented. 

The  facts  prove  further  that  the  era  of  disturbance  or  of  the 
upturning  of  the  sandstone  was  not  due  in  any  way  to  the 
election  or  heat  of  the  igneous  rock.  The  latter  event, 
although  so  extensive,  was  simply  incident  to  the  disturb- 
ance ;  the  upturning  preceded  the  eruptions. 

EffecU  of  Obstructions  to  the  outflow, — Although  the  trap 
of  West  Rock — that  is  of  the  southern  part  of  the  West  Rock 
ridge — is  not  divided  into  several  areas,  other  effects  of  obstruc- 
tions may  be  looked  for,  since  the  hanging  wall  of  a  large  inclined 
fisBnre  is  sure  to  have  its  downfalls.  The  gaps  or  notches  in 
the  ridge  indicate  incipient  division,  and  may  be  among  the 
effects  from  such  a  cause.  They  may  have  been  produced  also 
by  local  narrowings  of  the  fissure  through  horizontal  or  oblique 
movement  of  its  walls,  or  in  other  ways ;  and  it  is  a  question 
whether  the  results  of  these  two  modes  of  origin  can  be  dis- 

*  This  Journal,  vol.  xxivlii,  p.  361,  1889. 
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tingnished.    Tlie  deeper  and  more  abrupt  notches  we  shonld 
be  disposed  to  refer  to  the  former  cause. 

As  the  Bache  map  of  West  Rock  ridge  indicates  \>y  its  con- 
tonr  lines,  within  a  mile  and  a  quarter  of  the  south  end  of  West 
Kock,  there  are  three  gaps.  Two  are  included  on  Plate  U. 
At  the  tirst,  the  height  of  tlie  ridge  falls  off  sixty  feel 
in  the  course  of  500  yards.  The  second,  situated  300  yards 
farther  north,  and  called  the  "Judges'  Notch"  because  near 
the  "Judges'  Cave,"  is  similar  to  the  first  in  depth,  hot 
narrows  more  down  the  western  front.  Half  a  mile  farther 
north  is  the  third,  called  the 
"  Wintergreen  Notch,"  It 
is  tine  of  the  larger  gaps  iu 
the  ridge.  Alimg  the  snm- 
mit,  both  from  the  north 
and  the  south,  there  is  t 
descent  of  100  feet,  froms 
lieight  of  440  feet  to  340. 
Figure  16,  from  the  Baclie 
map,  exhibits  the  facts.* 
The  decline  is  gradual  on 
the  south  side,  but  very 
rapid  northward ;  in  tbe 
latter  direction  the  level  of 
460  feet  is  reached  at  the 
same  distance  from  the  cen- 
ter of  the  gap  as  440  on  the 
south.  This  third  gap  ie 
prol)ahIy  one  of  those  caused  by  obstructions  to  the  ontfloff, 
'  '       ■       '    ■     s-itli    the   o'tlicTs.      The   stream.     ' 


Winlergreen  Notch. 
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460,  bnt  also  440  on  the  north  side  is  to  the  west  of  440  of  the 
south  side  ;  bnt  the  height  of  440  to  the  north  is  probably  pro- 
duced with  a  less  thickness  of  trap.  This  notch  is  300  yards 
south  of  the  Buttress  dike  described  on  a  former  page ;  the 
position  of  this  dike  is  shown  on  the  above  figure  at  h. 

This  example  will  suffice  for  illustration.  Other ^aps  in  the 
ridge  occur  farther  north,  but  they  are  outside  of  the  region 
here  under  consideration. 

Obstructions  to  the  outflow  of  lava  while  it  was  making  its 
way  between  the  layers  of  sandstone  are  also  possible  through 
any  cause  that  would  prevent  the  lifting  of  any  portion  of  the 
overlying  rock.  The  area  of  the  Triangle  has  been  described 
as  an  area  of  sandstone  within  the  proper  limits  of  the  trap 
range.  This  sandstone  was  not  lifted  like  the  rest  of  the  over- 
lying stratum.  Instead  of  this,  it  remained  in  place  for  the 
most  part,  and  hence,  forced  the  liquid  rock  to  pass  to  one  side 
of  it  The  lava,  mainly  took  the  north  side ;  and  so  the  trap 
of  that  side  had  its  surface  raised  in  level  above  the  rocK 
north  and  became  the  elevated  embossed  area  already  described. 
The  great  sloping  trap  wall  making  the  north  side  of  the 
Triangle  is  the  wall  of  an  oblique  fissure  in  the  sandstone  for- 
mation. Along  this  fissure — 45°  in  inclination, — the  sandstone 
of  the  south  side,  or  that  of  the  Triangle,  lay  unmoved  or 
nearly  so,  while  that  of  the  north  side  was  shoved  up  as  the 
lavas  came  in  below.  Other  walls,  and  the  small  ridges  both 
north  and  south  of  the  Triangle,  are  evidences  of  similar  frac- 
tures, in  parallel  directions,  with  analogous  results.  The 
unlifted  sandstone  was  in  some  way  put  under  a  strain  that 
produced  the  parallel  fracturing  and  movements. 

The  origin  of  the  southern  or  western  walls  of  West  Eock 
is  sufficiently  explained  jn  the  remarks  on  this  subject  respect- 
ing East  Rock  (page  94). 

The  southern  front  of  West  Rock  has  a  columnar  aspect. 
But  in  reality  no  columns  stand  out  with  the  boldness  they 
have  in  East  Rock.  The  surface  is  mostly  made  up  of  the 
cleavage  surface  or  joints  that  are  in  its  plane ;  and  where 
there  nas  been  quarrying,  these  joints  have  great  width  as 
well  as  height 

3.     Relation   of  the   east-and-west    and    north-and-south 
fissures,  and  the  origin  of  these  courses. 

These  two  courses  of  fissures  are  so  locked  together  in  the 
New  Haven  region  that  they  evidently  are  results  of  one  sys- 
tem of  movements.  They  occur  together  in  Pine  Rock ;  and 
West  Rock  has  the  general  trend  of  the  Pine  Rock  ridge 
represented   in  the  enobossed   area  and  the  southeast  point 
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Mill  Rock  ends  to  tlie  eastward  in  a  sootli-soathwest  fiesiire, 
transverse  to  its  main  course  which  ia  apparently  parallel  to 
the  adjoining  part  of  the  East  Rock  trap.  East  Keck  com- 
mences with  a  nearly  north- an d-sonth  course,  bnt  bendB  aronnd 
to  east-southeast  Mill  Rock  and  Pine  Rock  are  not  neceS' 
Barily  synchronous  in  eruption  with  East  Rock  or  West  Rock, 
but  they  belong  to  one  epoch  of  disturbance. 

The  origin  of  these  eonrsea  is  not  fully  ascertained.  I  have 
long  explained  the  north-by-eaat  trend  of  West  Rock,  and  of 
the  other  ridges  of  like  direction  to  the  north,  on  the  gtneml 
principle  that  the  mountain-making  forces  of  Eastern  America 
operated  over  any  part  of  the  area,  as  a  general  thing  in  the 
same  direction  from  Arch^an  time  onward,  examples  occurring 
in  the  Taconic  and  Jura-Trias  elevations  of  the  western  half  of 
New  England.  In  accordance  with  this  view  the  strike  of  the 
Jura-Trias  should  he  that  of  the  underlying  crystalline  rocks* 
It  does  not  follow  that  a  like  dip  prevails  in  the  schists  be- 
neath. It  is  true  however  that  the  predominant  dip  in  them, 
and  in  the  Jura-Trias  fissures  and  bedding,  is  eastward.  This 
last  fact  seems  to  favor  the  suggestion  of  Professor  Davit 
that  the  foliation  of  the  underlying  schists  has  determined 
the  courses   of   Assures   in    the   Jura-Trias   area.      This  sng- 

festion  would  have  support  in  the  fact,  were  it  not  that  in 
tew  Jersey,  wliere  the  same  is  true  as  to  the  dip  of  the 
underlying  schists,  the  Jura-Trias  fissures  and  bedding  dip 
westward. 

In  the  New  Haven  region,  the  idea  of  an  accordance  between 
direction  of  foliation  in  the  schists  and  of  fissures  in  the  Jura- 
THas  find.s  im  t^upport.     Tli.'  \\\;st  IN.M 
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considered,  the  most  elevated  point  being  736  feet  above  high 
tide.*  But  height  means  here,  not  larger  accumulation  of 
igneous  rock  or  trap,  but,  simply,  greater  emergence  above  the 
sea-level ;  for  this  increase  northward  of  height  runs  parallel 
with  a  like  increase  in  the  height  of  the  metamorphic  ridges 

Sst   west;   and  it  is  continued,  at  a  diminished  rate,  into 
assachusetts. 

Mt.  Carmel  has  resemblances  to  Pine  Rock.  Its  mean 
course  is  E.  N.  E. ;  and  a  northand-south  trend  exists  in  its 
western  part.  But  the  north-and-south  portion  in  Mt.  Carmel 
is  a  large  feature  in  the  ridge  and  has  direct  continuity  with 
the  east-northeast  portion. 

The  ridgie  is  divided  by  a  very  deep  and  open  gorge,  into  an 
eastern  and  a  western  section.  The  gorge  is  often  called  the 
*'Neck,"  and  the  high  summit  adjoining  it  on  the  west,  the 
'•  Head  "  of  the  "  Sleeping  Giant " — a  name  suggested  by  the 
form  of  the  ridge  as  it  appears  lying  on  the  northern  horizon. 
Both  have  northern  and  southern  slopes  of  sandstone,  the 
southern  going  about  half  way  to  the  top  above  its'  base,  and 
the  northern  reaching  a  greater  height. 

The  western  section,  while  high  and  massive  at  its  eastern 
extremity,  falls  off  rapidly  to  the  westward,  and  in  half  a  mile 
is  reduced  to  a  narrow  trap  ridge  not  exceeding  100  feet  in 
height  above  the  ad  joining  country.  Through  this  part  within 
300  yards,  pass  Mill  River,  a  north-and- south  carriage  road 
(N.  20°  W.)  without  change  of  grade,  and,  a  few  rods  farther 
west  a  railroad.  Along  the  railroad,  and  between  the  carriage 
road  and  the  river,  the  course  of  the  trap  changes  from  about 
north-and-south  to  N.  10°  E. ;  and  as  it  crosses  the  river  to 
N.  20°  E.  Thence  it  continues  on  to  the  summit,  widening 
and  increasing  rapidly. in  height  and  curving  still  farther 
eastward. 

At  the  section  in  the  railroad  cut,  the  trap  is  seen  resting  on 
its  south  wall  of  sandstone,  the  wall  dipping  about  45° — appar- 
ently indicating  that  the  dike  has  this  pitch.  Between  the 
carriage-road  and  Mill  River,  the  north  side  of  the  trap  has  in 
many  places  a  westward  dip  of  the  same  angle,  confirming  the 
conclusion  from  the  railroad  section  as  to  the  large  dip  of  the 
fissure.  It  is  thus  proved  that  the  western  section  is  a  con-' 
tinnous  mass  of  trap  of  gradually  changing  course  and  mag- 
nitude;  and  that  it  IS  strictly  "transverse"  in  direction  only 
along  its  eastern  end.  It  is  a  dike  to  the  westward  and  probably 
so  throughout. 

The  eastern  section  is  made  one  continuous  mass  of  trap  by 
Percival,  and  one  also  with  the  western  portion.     It  is  divided 

*  According  to  the  leveling  of  two  parties  Under  Mr.  Bache. 
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from  east  to  west,  an  lie  elates,  by  a  vailey,  and  in  the  valley 
there  is  a  spring  giving  out  a  streaiulet  which  flows  Dorthward 
There  are  gape  in  both  tlie  southern  and  northern  sides,  divid- 
ing them  into  a  Eeries  of  elevations.  These  elevations  are 
indicated  on  PcrcivaPs  map,  so  as  to  look  as  if  he  regarded 
them  as  separate  dikes ;  but  this  is  contrary  to  the  descripHon 
in  his  Koport.  I  have  looked  for  sandstone  in  two  of  the  gaps 
of  the  south  side,  east  of  the  "  neck,"  and  have  found  evidence 
in  each  that  tlic  trap  is  continuous,  and  descends  in  these  gaps 
nearly  half  way  to  the  base  of  the  mountain.  In  the  east-and- 
west  vaJley  the  spring  and  streamlet  are  probable  evidence 
that  there  is  sandstone  beneath ;  and  on  tins  groand,  it  mij 
he  that  there  arc,  in  this  eastern  part  of  Ht.  Carmel,  two 
parallel  east- and -west  dikea 

Mt.  Carmel  appears  to  be  a  combination  of  dikes,  withonl 
the  "buried  volcanoes"  supposed  to  exist  there  by  Professw 
Davis.  In  the  view  from  the  west  side  of  Mill  River  there 
are  in  sight  nearly  600  feet  in  height  of  massive  trap,  having  no 
subdivision  into  slieets  or  layers,  and  nothing  to  suggest  tlie 
idea  of  lavaftreams  in  the  depths  below. 

The  union  in  this  small  ridge  of  approximately  north-and- 
south  and  eastand-west  courses  is  further  proof  of  their 
mutual  dependence  in  the  system  of  movements  attending  the 
Jura-Trias  mountain-making  of  the  Connecticut  Valley.  Bat 
its  origin  I'emains  unexplained. 

Vonduiliny  Jietntirkd. — ^A  review  of  the  principal  concla- 
sions  in  tliis  paper  is  given  in  its  introductory  remarks  (page 
S2),  and  a  recapitulation  here  is  therefore  unnecessary. 

The  reader  mav  have  been  led  to  the  idea  that  the  author 
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tain System  in  Indian  Territory  ;  by  Rob't  T.  Hill.* 

lopsia, — General  topographic  features  of  Indian  Territory  including  Oklahoma. 
7he  northern,  middle  and  southern  belts.  The  middle  or  mountainous  belt. 
.  The  Eastern  or  Arkansas-Choctaw  Division.  •  2.  The  Central  or  Chickasaw 
Mvision.  2o.  The  Wapenncka  Sub-division.  2h.  The  Tishomingo  Granite. 
\c.  The  Arbuckle  Mountains  and  Washita  Water  Gap.  3.  The  Wichita  Divis- 
on.     Partial  record  of  history  recorded  in  the  Ouachita  System. 

Little  has  been  written  concerning  the  geography  and  geol- 
y  of  Indian  Territory,  and  the  writer  presents  this  prelim- 
iry  paper  in  hope  that  it  will  direct  to  that  interesting 
rion  more  careful  and  detailed  study. 

Topographically  Indian  Territory,  especially  its  southern 
If,  presents  a  great  diversity  of  mountain,  plain,  forest  and 
*eam.  Within  this  area  is  found  the  extension  of  nearly 
ery  topographic  unit  from  the  Missouri-Kansas  region  on 
e  north  to  the  Texas  on  the  south,  from  the  Great  Plains  of 
e  west  to  the  forests  of  Arkansas  on  the  east;  there  are  also 
any  unique  characteristic  features  of  the  region  itself. 
The  territory  may  be  provisionally  divided  into  three  par- 
el  east  and  west  belts,  each  containing  a  marked  diversity 
geologic  structure  and  corresponding  topographic  expression. 
The  northern  or  Cherokee-Oklahoma  belt  includes  the  coun- 
7  north  of  the  Canadian ;  the  greater  part  is  prairie  with 
Dts  of  timber  decreasing  in  density  toward  the  west.  This 
It  may  be  sub-divided  into  three  districts ;  the  eastern  or 
lerokee,  the  middle  or  Oklahoma,  the  western  or  Arrapahoe. 
16  Cherokee  division,  with  the  exception  of  a  small  area  of 
:ark  hills  in  the  northeast  corner,  is  mostly  composed  of  Car- 
niferous  rocks  with  an  undulating  topography  similar  to 
\t  of  southeast  Kansas.  The  Oklahoma  section  is  a  typical 
1  bed  region  in  its  western  half,  with  undulating  prairies 
d  soft  disintegrating  structure.  The  Arrapahoe  division  is 
3  ragged  eastern  border  of  the  great  plains  country,  with  its 
aracteristic  fresh  water  deposits  of  sands  and  grits  occupying 
5  flat  divides,  as  originally  described  in  the  adjacent  west 
msas  region  by  Dr.  J.  S.  Newberry  and  more  recently  by  Pro- 
iflor  Robt.  Hay.f  These  plains  are  the  newest  or  culminating 
"mation  in  western  Texas,  Kansas  and  Indian  Territory ; 
jy  are  now  slowly  receding  westward  because  of  the  head 
ter  erosion  of  the  streams  that  indent  this  eastern  border, 

To  Mr.  James  S.  Stone,  of  Newton,  Massachusetts,  the  writer  is  greatly  in- 
(ed  ior  his  faithful  assistance  in  conducting  this  investigation.  Also  to  Mr. 
L.  Davidson,  a  student  of  the  University  of  Texas. 

See  Bulletin  67,  U.  S.  Geological  Survey. 

.M.  JouB.  Soi. — Third  Series,  Voi*.  XLII,  No.  248.— August,  1891, 
8 


114  It.  T.  Iim — Iteconnaiaaance  of  the 

stones    and    eruptives ;    the   keystone   or   central    ChickauT 
region,  consists  of  an  area  of  granite  and  Silurian  limestones. 

1,  The  EaaUrn  or  Arkansas-Vhoctaw  Diaiaion. — The  north- 
ern two-thirds  of  the  Choctaw  nation  and  the  northeastern 
Chickasaw  eonntry  are  ii  direct  continaation  of  the  naonntaiaB 
and  geologic  features  of  west-central  Arkansas.  This  region 
consists  of  nutneroiis  timber-covered  ridges  varying  in  altitnde 
from  2700  feet  along  the  Arkansas  line  to  1200  along  the 
Missouri,  Kansas  and  Texas  railroad.  The  ridges  are  usnall; 
elongated,  timbered,  devoid  of  sharp  peaks  and  owe  tlieir  pres- 
ent form  to  the  unequal  erosion  of  the  exaggerated  structnnl 
folds.  The  general  trend  of  these  mountains,  corresponding 
with  the  strike  of  the  folds,  is  sonth  of  westward,  bnt  often,  as 
seen  near  Stringtown  and  along  the  Riamitia  River,  it  is 
nearer  north  and  south.  The  ridges  consist  of  sandstonee, 
elajs  and  shales  apparently  of  the  Carboniferous  period,  bat 
further  investigation  may  reveal  older  rocks.  The  rocks  occur 
in  numerous  parallel,  overlapping  folds,  which  are  nearly 
vertical  in  the  southern  and  central  portion  of  their  extent, 
but  become  horizontal  along  their  northern  outline. 


f  Mountain  folds  U 
iJrclaceouB  frniriee. 

The  Saint   Louis  and    San    Francisco  railroad,   from    Fort 

Smith,  ArkaiiBiLi,  tci  Paris,  Texas,  pusses  throKgli  the  heart  of 
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prairies  occupy  the  more  compact  clays  of  the  valley.  Even 
where  the  vertical  outcrops  have  been  eroded  to  a  level  plain, 
the  alternations  of  sandstones  and  clays  can  often  be  traced  for 
miles  by  the  timber  which  follows  the  sandstone  outcrops  in 
narrow  ribbon-like  parallel  belts.     (See  fig.  2.) 

The  northern  half  of  this  area  con  tarns  coal  strata  whose 
extent  and  known  occurrence  are  indicated  on  the  map.  An 
admirable  paper  upon  the  structure  of  these  coal  beds  has  been 
published  by  Mr.  H.  M.  Chance.*  Mr.  Arthur  Winslowf  has 
eoually  well  defined  them  in  Arkansas.  Mr.  J.  T.  Munson 
of  Denison,  Texas,  has  much  unpublished  information  con- 
cerning the  formation  of  this  region,  and  to  him  the  writer  is 
indebted  for  his  invaluable  assistance  and  data. 

The  coal  fields,  for  which  the  name  Fort  Smith-McAllister 
area  is  most  appropriate,  are  of  great  commercial  importance, 
for  they  are  tfie  chief  source  of  fuel  supply  for  the  Arkansas- 
Texas  region.  These  extend  along  the  northern  border  of  the 
mountains  and  are  terminated  on  the  southwest  by  the  Sihirian 
and  granite  field  of  the  Tishomingo  district  which  are  an 
apparent  barrier  between  this   and  the  Texas-Ardmore  coal 

2. 


Section  north  and  south  through  Woodford,  showiug  structure  of  Prairie  aud 

Mountaiu.     Continuation  of  fig.  1. 

field,  the  fuel  of  which  is  of  an  entirely  different  character  and 
should  not  be  confused  with  it  J  geographically,  structurally, 
or  economically. 

Mr.  Chance  has  published  a  section  of  the  rocks  of  the 
eastern  division.  He  estimates  at  least  8500  feet  of  coal- 
l)earing  strata,  but  the  total  thickness  of  the  Carboniferous  and 
Permo-Carboniferous,  as  seen  in  the  folds  near  Ardmore,  is 
greater  by  the  addition  of  the  uppermost  or  Permo-Carbonif- 
erous which  here  has  a  thickness  of  several  thousand  feet. 

The  most  marked  feature  of  these  mountains  is  the  ex- 
cessive, compressed  and  vertical  folding  which  the  whole 
region  has  undergone,  and  the  displacement  of  these  folds  by 
a  lateral  dislocation  which  has  squeezed  them  into  S-shaped 
flexures.     So  excessive  is  this  folding  that  every  stratum  in 

♦  Geology  of  the  Choctaw  Coal  Fields  by  H.  M.  Chance.  Transactions  Ameri- 
can Institute  of  Miniug  Engineers,  Feb.,  1890. 

t  Arkansas  (Geological  Survey,  Report  for  1888,  vol.  iii. 

X  The  writer  is  inclined  to  believe  that  the  greater  excess  of  ash  in  the  coals  of 
the  oaore  horizontal  Texas  region  is  due  to  the  calcium  carbonate  and  other  im- 
purities deposited  in  the  joints  during  their  long  submergence  beneath  the  Creta- 
ceous seas,  while  the  McAllister  ooala  have  remained  above  water. 
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the  mountain  re^on  south  of  the  coal  fields  can  be  said  liter- 
ally to  be  standing  vertically  as  shown  in  the  tignrtt. 
This  system  of  folding  is  complicated  and  the  writer  has  not 
had  time  for  the  minnte  study  necessary  to  interpret  it  In  gen- 
eral, two  great  trends  or  Btnkes  are  conspicnoas,  the  iirst  and 
oldest  is  about  25°  sonth  of  west ;  this  is  frequently  dislocated 
by  an  apparently  later  movement  resulting  in  northeast  and 
southwest  trends,  all  of  which  are 
ateoiuuiiuied  by  overlapping  and 
lack  of  continuity.**  The  direction 
of  the  folds  has  a  marked  effect  on 
the  political  features  of  the  region, 
all  lines  of  transportation  and  public 
highways  practically  following  the 
valleys  of  erosion  in  the  trend  of 
the  folds. 

The  proof  of  two  great  disloca- 
tions of  the  Carboniferous  strata  is 
found  in  the  inountainB  north  of 
Atoku  and  in  Limestone  ridge 
where  the  vertical  folds  of  the  tiret 
epoeli  are  deflected  by  S-shaped 
dislocations  into  the  sontheiiet 
course. 
,   ,        ,  ,  Of  the  many  illustrations  of  this 

C       1  folding  one  of  the  finest  is  found  iu 

the  peculiar  limestone  ridge  wliicb 
extends  from  near  Lehigh  to  Uine- 
stone  Gap  and  eastward.  This  is 
ilie  principal  limestone  stratnm  of 


■  ^  ; 
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Mr.  Chance's  map.  Several  sigmoid  or  S-shaped  flexures  occur 
dong  this  section,  and,  also,  in  the  sandstones  of  the  Coal 
Measures  of  eastern  Indian  Territory  and  across  the  Territory 
to  the  Arkansas  line. 

The  southern  border  of  this  old  system  has  been  degraded* 
by  the  shore  lines  of  the  ancient  Cretaceous  and  Tertiary  seas 
vvhich  overlapped  it  and  planed  it  northward  for  manv  miles. 
The  vertical  edges  of  the  planed  off  strata  are  buried  beneath 
the  Cretaceous  sediments  as  shown  in  my  former  section  along 
the  Arkansas-Texas  line,  resulting  in  the  complete  interment 
of  the  Carboniferous  system  southward,  throughout  the  great 
central  denuded  region  of  Texas  where  the  only  exposures  of 
Carboniferous  rocks  are  through  erosion  of  the  overlying  Cre- 
taceous layera  The  structure  of  these  mountains  is  of  the 
Appalachian  type,  and  Mr.  Chance  says  that  "  topographically 
and  structurally  the  Choctaw  coal  fields  represent  in  mmiature 
the  features  of  the  anthracite  regions  of  Pennsylvania." 

2.  ITie  Ce7itral  or  Chickasaw  Division, — In  the  northeastern 
part  of  the  Chickasaw  nation  the  continuity  of  the  Carbonif- 
erous rocks  is  terminated  by  an  extensive  area  of  Silurian  lime- 
stones, which,  in  turn,  are  succeeded  southward  by  jiinderlying 
granites  whose  exact  relation  to  the  complicated  Coal  Measures 
is  not  determined,  but  which  are  exposed  by  the  erosion  of  the 
latter  and  are  unconformable  beneath  them. 

2a.  The  Eastern  or  Wayenucka  portion  of  this  area  is  inter- 
esting, but  little  explored.  It  lies  west  of  Boggy  station  along 
Delaware  Creek  at  Bill  Jackson's  ranch,  and  near  the  quaint 
old  Chickasaw  academy  of  Wapenucka.  There  is  a  series  of 
low  limestone  hills — apparently  remnants  of  anticlinal  folds — 
along  whose  strike  flows  the  Delaware  creek.  In  places  these 
limestones  resemble  the  blue  Silurian  limestone  to  be  described 
in  our  discussion  of  the  Arbuckle  Mountains,  but  they  are 
more  horizontal  in  outcrop.  In  the  collection  of  Mr.  J.  T. 
Munson,  of  Denison,  who  first  called  my  attention  to  this  in- 
teresting region,  are  fossils  apparently  Silurian  in  age  Ortho- 
seras  and  Brachiopoda,  from  Bill  Jackson's  ranch  on  the  Dela- 

ware.f 

Crinoidal  limestones  of  Carboniferous  age  are  the  prevalent 
rocks  and  were  collected  near  the  academy  at  the  southern 
border  of  the  district,  and  the  sandstones  of  apparent  Carbon- 
iferous ago  and  shales  of  that  age  begin  there  again.  A  single 
specimen  of  Favosites,  of  Silurian  age,  was  collected  from  one 

♦  Principal  Events  in  North  American  Cretaceous  History  as  revealed  in  the 
Arkansas-Texas  Region,  by  Robt.  T.  Hill.    This  Journal,  Apri),  1889. 

f  Professor  Alphens  Hyatt,  to  whom  I  sent  this  specimen,  says  that  he  thinks 
there  is  little  doubt  that  it  is  a  fragment  from  the  Hudson  River  group.  The  Or- 
thooeras  being  closely  related  to  one  found  at  Cincinnati,  and  the  brachiopod 
being  probably  Orthxs  tesiudinaria. 
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<■■  Mit<  I  li'liiwarc  MountainB  near  the  HndBon  River  limeetoDa 
I'll"  Dolawure  Mountains  proper  are  a  few  long  limestone 
■  '■Ik*'"  aixl  detached  buttee  in  the  beautiful  valley  of  Delavin 
*  niok.  Seven  miles  west  of  the  academy,  near  Bill  Jaclaon'& 
llii'y  an:  composed  of  limestone  underlaid  by  the  above  men- 
tunnel  Kavosites  sandstone — a  poroiis  gray  quartzite  with  m 
(ic^taHJonal  patch  of  limestone  The  bnttes  are  pecaliarly  dif 
tcirted,  their  strata  being  di8turl>ed  at  a  very  slight  angle  io 
many  directions,  which  may  be  compared  to  the  uneven  cnrvi- 
tiife  of  a  saddle. 

The  Delaware  i no nn tains  were  mentioned  by  Mr.  Jnlec 
Miircou,  who  followed  the  old  Fort  Smitb  and  Fort  Washita 
trail  which  passed  by  them.  He  referred  them  to  the  Snb- 
OarlK»niferous  or  Mountain  Limestone,*  The  sceaery  in  the 
Valley  of  the  Delaware  is  exquisite,  the  contrast  between  the 
low  rounded  hills  and  the  extensive  valleys  with  their  peculiar 
bnttes  present  a  restful  and  varied   landscape.     The   region 

f)romises  ricb  scientific  treasures  to  some  future  stndent  wbu 
las  time  and  facilities  to  work  out  its  strnctnre  and  historr. 
It  was  impossible  to  trace  the  relation  of  the  Wapenucka  di^ 
triet  to  the  Arlmekle  Mountains  to  the  westward,  owing  to 
dangers  of  exploration  in  a  country  where  geologists  are  not 
welcome,  but  there  is  evidently  a  close  connectioD  if  not  con- 
tinuity between  them. 

2i.  'Ike  Tiakominffo  Oramte. — In  the  heart  of  the  Chick- 
asaw nation  south  of  and  underlying  the  Wapenucka  limestone 
district  is  an  extensive  granite  area.  This  is  the  central  divit 
ion  of  onr  mountain  region.     It  is  a  triangular  area  of  saodj 

firairie  land  with  low  rounded  griniili/  liilf-  :\\\<\  iihiliil.innii!. 
ying  between  IJif  Smita  Fe  and  iM.    K.   jdhI  T.  r:iilri.;Mi  and 
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sture  of  diabase  in  a  very  marked  decree."     The    dikes 
west  20°  S.  and  are  seen  at  the  crossing  of  Mill  Creek 
and  Pennington  Creek. 

be  northern  margin  of  the  granite  area  is  overlaid  by  hard 
imorphosed,  sub-horizontal  Silurian  limestone  of  the  same 
ty  and  flaggy  lithologic  aspect  as  the  Upper  Potsdam 
B  of  Burnet  County,  Te±as,  but  I  could  find  no  fossils, 
joniferous  rocks  cover  its  eastern  point  at  Boggy  station, 
southern  border  was  the  sea-shore  of  the  ancient  Trinitv 
other  Mesozoic  and  Cenozoic  seas  and  is  buried  beneath 
Trinity  sands.  The  western  border  is  covered  by  Silurian 
Carboniferous  rocks.*  I  saw  no  evidence  that  this  granite 
of  later  age  than  the  oldest  of  the  Paleozoic  rocks  which 
upon  it. 

?.  Th^  ArbucHe  Folds — West  of  the  Washita  River  the 
m tains  again  present  a  new  and  entirely  diflFerent  aspect, 
elongated  mass  of  low  rounded  barren  limestone  folds 
ds  about  500  feet  above  the  plain  and  extends  east  and 
b,  between  Wild  Horse  Creek  and  the  Washita  River  for 
it  forty  miles,  forming  an  almost  impassable  barrier  for 
on  travel.  They  are  composed  of  folds  of  hard  Silurian 
«tones.  The  trend  of  the  mountains — north  of  west — 
esponds  with  strike  of  the  folds,  but  is  opposite  in  direc- 
to  the  prevalent  trend  of  the  Choctaw- Arkansas  division, 
se  folds  are  the  hard  persistent  core  of  the  structure,  the 
3r  and  exterior  Carboniferous  layers  having  been  eroded  to 
level  of  the  Ardmore  prairies.  (See  figures.) 
^est  of  Duncan  the  limestone  hills  are  buried  beneath  the 
beds  for  twenty  miles,  but  again  appear  in  the  neighbor- 
1  of  Fort  Sill  forming  a  low  ridge  north  of  and  parallel  to 
Wichita  Mountains,  as  is  explained  later. 
he  Arbuckle  Mountains  constitute  a  great  and  wonderful 
jlopment  of  the  Silurian  system,  although  this  has  not  been 
erto  appreciated,  and  afford  a  superb  example  of  folded 
cture.  This  folding  is  beautifully  shown  in  the  valley  of 
Washita  which  has  cut  a  deep  and  tortuous  water  gap 
ugh  these  mountains  where,  unobscured  by  forest  growth, 

after  fold  of  the  stratified  limestones  and  shales  appear 
tartling  boldness.  Several  journeys  through  this  gap  only 
eased  the  appreciation  of  the  greatness  of  the  task  of 
•oughly  delineating  the  section,  the  complexity  of  which 

be  inferred  from  the  accompanying  figures. 
wenty  miles  south  of   the  Arbuckle  ridges   proper,  and 
trated  from  it  by  a  valley  based  upon  Carboniferous  shales 
sands,  near  the  crossing  of  Hickory  Creek  and  the  Santa 

[%e  only  previous  meDtion  of  this  important  granite  area  of  which  I  am 
9  was  made  by  Dr.  R.  H.  Loughridge  in  the  10th  Census  Report  on  Cotton 
action. 
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Fe  road  is  a  smaller  bat  eimilar  and  parallel  ridge  of  folded 
Silarian  rocke  extending  westward  to  Hcaldton  (see  map). 
For  these  monntains  tbei-e  is  no  local  name,  and  I  have  called 
them  Red  Bird  from  an  adjacent  post-office.  They  serve  to 
prove  the  great  width  of  the  folded  belt. 


The  a*wmjwnying  north  and  south  section  and  profile  froni 
l)aiii«villt>.  T^xa^.  to  Guthrie.  Oklahoma,  gives  at  least  an  idea 
of  tht*  «Hi«f  n«'  and  foldings  of  the  Arbuckle  region,  Pn> 
(.HHHliii^  !i^iutliw»nl  along  the  line  of  the  Atchison,  Topeka  and 
Santa  K»\  tlw  tyitii-aJ  gii-pdferous  red  beds  of  Texas,  Kansas, 
Indtttn  Territory  and  Xew  Mexico — the  alleged  Triassic*  —are 
*<«*«  (tvhh  (.luthnc  to  Oklahoma  City,  lying  in  a  disturbed,  but 
<,s»u^>Hmttvvly  $ub-horixootal  position,  sl;owing  greater  dips 
tlutii  li»v  rrvtantNm*,  bnt  none  of  the  complicated  folding  of 
llw  IStl^avvk-  »Initiik  S^>nth  of  the  Canadian,  the  Carhoniferons 
v^Vtt  aiu)  siUKl$tviiw«  a}>t<«*r  with  the  excessive  dips  of  the 
VHltwbit»  t\»I\)«  At  Bneuom  Creek,  east  of  Dongherty,  the 
(■\U  I'l   tltf  Carlx'uiffrous  arc-  seen  'lippiiif;  iiijrtii 
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)06ition  for  a  distance  of  twelve  miles.     From  north  to  south, 
lowever,  the  following  distinct  sub-divisions  are  apparent 

Their  relation  however  is  indefinite,  owing  to  folds  and 
faults : 

..  Massive,  hard  blue  limestones.    Strata  of  20  feet  in  thick- 
ness alternating  with  thin  flaggy  layers.     Thickness     feet. 
(interrupted  by  a  great  fault) +  280 

!.  Massive  limestones,  but  in  thinner  and    more  flaggy 

layers.     Cherty rfclOO 

L  Thin  shaly  argillaceous  beds,  fossiliferous,  excessively 
folded  and  crumpled.  Aggregate  thickness  includ- 
ing folds +  360 

k  A  massive  bed  of  pure  white  loosely  cemented  sand- 
stone, similar  to  that  seen  above  the  Lower  Helder- 
berg  near  Woodford 95 

L  Thin  flags  and  shales,  mostly  concealed  but  seen  in  con- 
tact with  6  at  south  side  of  river V 

(.  A  massive,  yellow-blue  limestone;  finer  grained  than 
No.  1 ;  rich  in  fossils  (Trilobites,  etc.)  South  bank 
of  Washita  at  railroad  bridge  (Trenton) +140 

r.  Concealed  interval. 

).  Dark  blue  shales  of  great,  but  undetermined  thickness. 

).  Carboniferous  shales  and  sandstone,  Berwin  to  Overbrook. 

Concerning  the  age  of  the  pre  Carboniferous  rocks  only  a 
ittle  can  be  said,  but  suflScient  to  confirm  the  impression  that 
iiey  include  Trenton  (No.  6),  Niagara?  (No'  1),  Lower  Helder- 
)erg,  (No.  2).  Could  accurate  collections  be  made,  many 
)ther  terranes  would  no  doubt  be  shown  to  exist.  The  basis 
'or  these  determinations  are  as  follows  Near  Woodford  post 
)flSce,  ten  miles  west  of  the  railroad,  I  collected  from  strata 
j^hich  are  continuous  with  and  apparently  the  same  as  No.  2, 
;he  following  fossils,  kindly  determined  by  Professor  H.  S. 
(Williams:  iSpirifera  lamelloaa^  Strophomena  rugosa  {=^rhom' 
)oidali8\  Rkynchonella  nucleolata,  Lingvla  ?  rectHatra,  Con- 
^rning  these  he  says :  "  It  is  safe  to  say  the  horizon  is  Upper 
Silurian  and  probably  equivalent  to  the  Lower  Helderberg  of 
!Iew  York.  It  is  above  the  Niagara,  and  this  is  an  interesting 
•eature."  Concerning  the  fossils  from  No.  6,  he  says  :  "  They 
ire  not  very  satisfactory  but  a  Trinuoletis  concentricus  shows 
^o.  1092a  to  be  of  Lower  Silurian,  probably  Trenton  age." 
4.  fine  specimen  of  Lituites  heckmani  Whitfield,  in  my  pos- 
efision,  I  have  cause  to  believe  came  from  this  same  locality, 
Jthongh  I  had  previously  been  greatly  deceived  by  its  coUec- 
or  as  to  its  locality  and  horizon. 

It  is  not  my  desire  to  attempt  any  classification  of  these  pre- 
3arboniferous  rocks,  but  I  believe  from  stratigraphic  evidence 
;hat  the  shales  at  the  south  end  of  the  gap  may  prove  Devo- 
lian.     Beneath  the  Trenton  rocks  there  are  exposed  still  older 
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Vxhese  mountains  rise  abruptly  above  the  level  of  the  Red 
]%ed  prairies,  which  surround  them  on  every  side,  and  their 
iiharp  jagged  outlines  present  striking  and  exquisite  scenery. 
The  ragged  peaks  of  igneous  rock  present  a  strong  contrast  to 
the  stratified  ridges  of  the  eastern  and  central  divisions  of  the 
system.  Although  in  Arkansas  the  latter  have  a  similar  eleva- 
tion above  the  surrounding  plain,  they  have  not  the  rugged 
peaks  and  points  of  the  Wichitas,  and  are  covered  bv  forests. 
Their  aspect  is  Appalachian — the  arid  Wichitas  remmd  us  of 
the  Rockies.  The  eastern  Ouachitas  are  the  eroded  remnants 
of  stratified  rocks  with  their  characteristic  topography,  the 
Wichitas  consist  of  igneous  rocks — hard,  firm,  ragged  and 
barren. 

These  mountains  extend  westward  from  Fort  Sill  120  miles 
to  the  1 00th  meridian  and  were  partially  mapped  out  by  Marcy 
and  McCleland  years  ago,*  and  T.  B.  Comstock  has  recently 
made  an  interesting  reconnoisance  of  them.f  The  most 
prominent  of  the  many  peaks  are  Mt.  Scott  and  Mt.  Sheridan ; 
the  former  is  2400  feet  above  sea  level,  1200  feet  above  Fort 
Sill  on  the  plain  below,  and  1700  feet  above  Red  River 
fifty  miles  distant.  Though  neither  high  nor  extensive,  the 
Wichitas  are  models  of  topography  and  mountain  structure. 
Mt  Scott  is  a  solid  mass  of  red  feldspathic  granite  with  little 
qnartz,  while  neighboring  mountains  are  composed  of  green- 
stones, basalts,  etc.,  indicating  two  widely  different  types  of 
igneons  rocks. 

The  westward  continuation  of  these  mountains  is  buried 
beneath  the  Tertiary  sediments  of  the  Staked  Plains  and  with 
it  the  history  of  the  relation  of  the  Ouachita  system  to  the 
Rocky  Mountains.  At  one  or  two  places  in  No  Man's  Land 
and  north  of  Clarendon,  Texas,  I  am  told  that  erosion  has  cut 
down  to  the  rocks  of  this  mountain  system  but  I  have  not  been 
able  to  find  the  localities. 

The  composition  of  the  Wichitas  is  unlike  that  of  any 
mountain  area  of  the  southwest,  and,  so  far  as  I  could  see, 
presents  no  structural  resemblance  either  to  the  basin-sur- 
roanded  mountains  of  the  Trans-Pecos,  or  the  early  Paleozoic 
buttes  and  denuded  folds  of  the  central  Texas  region.  Their 
affe  18  not  determined.  They  are  certainly  Post-Silurian  and 
tte  Red  beds  have  in  part  participated  in  the  movements  but 
the  eruptives  may  be  Post  Cretaceous  or  even  later.  The 
apparent  absence  of  the  Lower  and  Upper  Cretaceous  in  the 
composition  of  the  Wichitas  is  especially  noticeable.  Their 
trend  and  composition  plainly  places  them  in  the  Ouachita 
system. 

*  See  Ezploraiicm  of  Bed  River  of  Louisiana,  Marcy. 

f  See  First  (Second)  AnDual  Report  of  the  Texas  State  Geological  Surrey. 
AofltiD,  1889. 
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Riaumi  of  HisloTy  recorded  in  the  Ouaekita  Syetem. 

1.  There  are  evidences  of  a  Post-Silurian  movement  in  the 
Bubkhorn  and  Red  Bird  unconformities. 

2.  The  great  folding  and  elevation  of  the  system  were  adei 
the  close  of  the  Carboniferous  period,  probably  daring  the  Per- 
mian, as  shown  by  the  participation  of  the  rocks  of  the  former 
period  in  the  movement,  and  Pre-Triassic,  if  the  upper  Fed  Beds 
arc  of  that  age. 

:i.  A  second  or  lateral  movement  muKt  have  taken  place  after 
this  folding  by  which  the  folds  were  bent  into  S-shap^  flexores. 
This  movement  preceded  the  Red  Bed  epoch. 

4.  The  marked  but  not  excessive  disturbance  of  the  Bed  Bedi 
indicates  movement  and  displacement  after  their  deposition  and 
previous  to  the  Trinity  epoch. 

5.  The  Lower  Cretaceous  Comanche  series — which  may  be 
partly  Jurassic — was  deposited  against  and  not  over  these  mono- 
tains,  and  show  in  themselves  no  folding  or  other  disturbance 
except  such  faulting  as  may  be  attributed  to  the  Post  Upper 
Cretaceous  continental  movement. 

6.  The  Upper  Cretaceous,  the  Marine  Eocene  and  the  Quater- 
nary along  the  southeastern  and  eastern  border  of  the  system  in 
Arkansas  were  also  deposited  against  and  not  entirely  over  the 
eyHtem,  and,  like  the  Comanche  series,  reveal  no  participation  in 
adjacent  mountain  folding,  but  merely  alternations  of  subaidence 
and  elevation. 

T.  This  system  has  undergone  extensive  erosions  throagboni 
Post- Carboniferous  time,  and  its  sediments  have  contribated  to 
all  later  deposits. 

B.  The  western  portion  of  the  mountain  system  was  in  parta 
submerged  during  the  Red  Bed  epoch  [Triassic?]  and  c.orapleielj 
degraded  or  buried  beneath  the  nedimenls  of  the  great  Tertiary 
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Art.  XII. — Tlie  Continuity  of  Solid  and  Liquid  /*  by 

Carl  Barus. 

Introductory. 

1.  My  earlier  papersf  entered  somewhat  minutely  into  the 
v'olume  thermodynamics  of  fluid  matter.  The  behavior  of 
matter  passing  from  liquid  to  solid  and  back  again  was  only 
incidentally^  considered.  This  feature,  however,  is  the  very 
[)ne  which  gives  character,  or  at  least  a  more  easily  interpret- 
ible  character,  to  the  whole  of  the  volume  phenomena  of  the 
substance;  and  it  was  therefore  reserved  for  special  research. 

The  problem  may  be  looked  at  from  another  point  of  view: 
Let  it  be  required  to  find  the  relation  of  melting  point  to  pres- 
sure. My  results  have  long  since  showng  that  m  a  compre- 
bensive  study  of  this  question  the  crude  optical  and  other 
methods  hitherto  used  as  criteria  of  fusion  (criteria  which  have 
no  inherent  relation  to  the  phenomenon  to  be  observed)  must 
be  discarded.  In  their  stead  the  striking  volume  changes 
which  nearly  always  accompany  change  of  physical  state,  in  a 
definitely  constituted  simple  substance,  are  to  be  employed. 

The  literature!  of  the  subject  I  will  omit  here,  since  the 
more  important  work  has  entered  the  text-books  and  since  I 
shall  probably  have  occasion  to  refer  to  it  elsewhere. 

The  present  experiments  were  made  with  naphthalene  only. 
They  are  no  means  even  near  the  degree  of  precision  of  which 
the  applied  plan  of  research  admits.  Thus  far  my  chief  object 
lias  been  to  carry  the  method  quite  through  to  an  issue,  pre- 
liminarily, and  to  test  it  at  every  point.  The  data  are  suflS- 
3ient,  however,  to  show  that  the  procedure  adopted,  though  I 
ipproached  it  with  diffidence,  can  be  brought  under  control 
throughout;  and  that  the  attainable  accuracy  need  only  be 
limited  by  the  patience,  skill  and  discernment  of  the  observer. 
[  was  in  some  degree  surprised,  therefore,  to  find  that  my 
method  led  to  new  results  at  the  outset. 

2.  Earlier  allied  experiments. — In  applying  the  principle  of 
^  1,  I  first  made  direct  volume  measurements  with  substances 
3nclo8ed  in  capillary  tubes  of  glass.     In  the  case  of  naphtha- 

•  Geological  interpretations  are  in  the  hands  of  Mr.  Clarence  King,  by  whom 
lie  woric,  as  a  whole,  was  suggested 

f  This  Journal,  III,  xxxviii.  p.  407.  1889;  xxxix,  p.  478,  1890;  xl,  p.  219, 
1890;  xli,  p.  110,  1891.     Phil.  Mag.,  V,  xxx,  p.  338,  1890. 

t  This  Journal,  xxxviii,  p  408,  1889;  xxxix,  pp.  490,  491,  494,  1890. 

g  This  Journal.  1.  c.  More  pointedly  with  an  indication  of  methods  in  Phil. 
liag.,  y,  xxxi,  p   14.  1891. 

1 1  will  merely  mention  Sir  William  Thomson  (1850).  Bunsen  (1850),  Hopkins 
1854),  Mousson  (1858),  Poynting  (1881),  Peddie  (1884),  Amagat  (1887),  Battelli 
1887)  and  some  others.     Of.  §§  29,  30. 
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lene  and  some  others,  I  tlms  obtained  satiefactory  resnlts.* 
Such  work  is,  liowever,  limited  to  relatively  low  preasnree  (6(H) 
to  800  atm.) ;  it  does  not  admit  of  euffloient  correction  for  the 
volume  changes  of  the  glass,  and  from  the  small  quantity  of 
substance  examined,  and  the  relatively  frequent  occurrence  of 
nuclear  condensation,  volutne  tags  are  often  obscured.  Hence 
"the  definition  which  I  was  iocliQed  to  adopt  after  making 
these  experiments,  viz:  that  a  pressure  which  when  actine 
isothermally  for  an  infinite  time  will  just  solidify  the  liqnio 
and  will  just  liquify  the  solid,  stands  to  the  ^ven  temperatare 
in  the  relation  of  luelting  point  and  pressure,  is  not  in  accord- 
ance with  incts.-f 

In  a  second  method|  I  endeavored  to  ascertain  the  positioni 
of  the  characteristic  specific  volumes  by  passing  current  ontof 
the  mercury  index  througli  the  hot  walls  of  the  thin  glaee  tube 
which  contained  coiitiguoiis  columns  of  both  the  substance  and 
the  mercury.  Supposing  the  tube  surrounded  by  a  liquid 
conductor  transmitting  pressure,  the  changes  of  resistance  of 
the  arrangement  indicate  the  motion  of  the  index  and  hence 
the  degree  of  compression  produced.  Here,  however,  a  new 
and  unexpected  annoyance  was  encountered,  inasmuch  as  both 
the  medium  of  oil  contained  in  the  piezometer  and  the  glaa 
possess  seriously  large  pressure  coemcieots.§  Moreover  it  is 
only  with  great  difficulty  that  the  perfect  insnlation  of  an 
apparatus,  in  which  water  jackets  form  an  essential  part,  can 
be  maintained.     I  therefore  abandoned  the  work. 

In  a  third  method  similar  to  the  preceding,  I  expressed  the 
motion  of  the  mercury  thread  or  index  in  terms  of  the  reeist- 
ance  of  a  very  fine  platinum  wire,  passing  through  the  axis  of 
tlie  tube.      SutTesriivc  intortc-nta  thus  indlcatL-il  tlie  ohaiii;,.^  of 
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original  meniscus,  and  therefore  impracticable  both  to  arrive 
at  the  volume  behavior  of  the  solid  and  to  rigorously  coordinate 
successive  series  of  experiments. 

3.  Advantages  of  the  method  of  this  paper. — Hence  I  en- 
deavored to  modify  Kopp's*  specific  volume  flask,  in  a  way 
to  make  it  available  under  any  temperature  or  pressure.  Here 
the  readings  are  independent  of  the  unbroken  character  of  the 
meniscus  immediately  in  contact  with  the  solidifying  substance, 
whereas  on  the  other  hand  (as  I  shall  presently  show),  the 
volume  measurements  can  be  made  electrically,t  with  almost 
every  desirable  degree  of  accuracy.  Furthermore  by  charging 
the  nask  with  suitably  apportioned  quantities  of  substance  and 
of  mercury,  the  error  due  to  the  compressibility  of  the  glass 
may  be  eliminated  in  any  degree  whatever,  and  an  apparatus  be 
obtained  which  is  practically  rigid  in  relation  to  pressure.  The 
data  show  that  from  each  single  series  of  experiments  I  thus 
obtain  the  isothermals  and  isopiestics  and  therefore  also  the 
isometrics,  both  for  the  liquid  and  for  the  solid  state,  admitting 
the  latter  to  be  less  accurate ;  further,  the  relation  of  solidifica- 
tion and  of  fusion  to  pressure,  and  finally,  the  pressure  changes 
of  the  isothermal  specific  volumes  of  solid  and  liquid,  at  solidi- 
fying and  melting  points.  From  such  results  the  character  of 
fusion,  and  the  probable  positions  of  critical,  §  26,  and  of  tran- 
sitional points,  §  28,  can  already  be  pretty  well  predicted.  It 
is  then  only  necessary  to  examine  a  number  of  substances, 
normally  existing  under  widely  different  conditions  of  thermal 
state,:]:  in  order  to  broaden  the  evidence  and  possibly  to  reach 
results  of  a  uniform  bearing  on  matter  in  general.  Thus  I 
endeavor  to  avail  myself  of  the  enormous  internal  pressure 
through  incremental  pressures  applied  externally. 

Apparatus. 

4.  Temperature, — Inasmuch  as  pressure  varies  at  a  mean 
rate  of  over  30  atm.  per  degree  of  melting  point,  so  that  tem- 
perature is  as  it  were  the  coarse  adjustment  and  pressure,  the 
fine  adjustment  for  the  conditions  of  fusion,  the  method  of 
experiment  should  be  such  that  temperature  may  be  kept  rig- 
orously constant  while  pressure  is  varied  at  pleasure.  To 
obtain  constant  temperature,  I  constructed  a  series  of  brazed 

*Kopp:  Add.  Chem.  u.  Pharm.,  xciii,  p.  129,  1855.  The  results  of  this  fine 
memoir  are  too  rarely  quoted. 

f  The  absolute  expansion  aud  compressibility  of  mercury  being  now  known. 

§■»• 

\  **  Instead  of  tracing  the  isothermals  of  a  single  substance  throughout  enormous 
ranges  of  pressure,  similarly  comparable  results  may  possibly  be  obtained  by  ex- 
amining different  substances  conceived  to  exist  in  widely  different  thermal  states." 
This  Journal,  I.  c,  xxxiz,  p.  5 1 0. 

Am.  Joub.  Soi.— Third  Sbbies,  Vol.  XLII,  No.  248.— August.  1891. 
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vapor  batliB  of  tliiti  sheet  iron,  thickly  jacketed  with  asbestne. 
They  were  cylindrical  in  form,  20""  high  and  10™  in  diameter. 
Axial  tnbutnres,  tiie  upper  of  which  projected  oatward,  the 
lower  both  inward  and  outward,  allowed  the  vertical  tabnkr 

Eiezometer  to  paBB  axialjy  through  the  vapor  baths,  and  snita- 
le  staffing  boxes  obviated  leakage.  Again  the  upward  pro- 
jection of  the  lower  tubnhire  (both  of  wnich  fit  the  piezooieter 
snugly),  formed  an  annular  trough  with  the  walls  of  the  vapor 
bath,  in  which  a  suHtcicut  quantity  of  the  ebullition  liquid 
could  be  placed,  and  boiled,  by  aid  of  the  flat  spiral  burner 
below.  The  top  of  the  vapor  bath  waa  provided  with  two 
other  (lateral)  tubulures,  one  of  which  served  for  the  perma- 
nent attacliment  of  a  vertical  condenser,  and  the  other  for  the 
introduction  of  a  suitable  thermometer  or  thermocoople. 
Here  also  the  quantity  of  ebullition  liquid  present,  could  at 
any  time  be  tested,  its  amount  increased  or  diminiBbed,  and  its 
fiuality  directly  purified  by  fractional  distillatioD  or  otfaerwige 
(an  opemtion  necessary,  for  instance,  when  arayl  alcohol  is 
used).  §20.  With  a  good  condenser,  the  boiling  may  l* 
kept  up  indefinitely,  for  the  condensed  vapor  falls  back  into 
the  trough  below.  At  temperatures  below  100",  it  is  expedi- 
ent to  avail  oneself  of  the  high  latent  heat  of  water*  and  to 
boil  this  liquid  under  diminished  preiisure.  Temporarily  attach- 
ing Professor  R.  H.  Richards'  jet  pnmp  to  the  end  of  the  con- 
denser, pressure  may  be  reduced  at  pleasure,  and  any  boilicg 
point  hetween  50°  and  100°  reached  and  maintained  indeti- 
nitely.  For  higher  temperatures  toluol,  arayl  alcohol,  turpen- 
tine, naphthalene,  benzoic  acid,  diphenylamine,  phenanthren, 
sulphur,  etc..  subserve  similar  purposes  niore  or  Irae  thorooghly 
Temperature  was  measured   liy   a   Baudin  thermometer  of 
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For  pressure  measnrement  I  am  now  able  to  avail  myself  of 
superb  Amagat  "  manometre  a  pistons  libres,"  which  can  be 
attached  to  my  compressor  without  further  mechanism  and 
with  advantage.*  The  instrument  is  adapted  to  measure 
3000  atm. 

6.  The  volume  tube. — This  is  shown  in  the  annexed  figure 
(diagram).  It  consists  of  an  external  cylindrical 
envelope  A£  of  glass,  closed  below,  open  above, 
about  26*™  long  and  -4^  or  -5^"  in  diameter. 
Throughout  the  greater  part  of  its  length,  the 
tube  is  divided  into  two  coaxial  cylindric  compart- 
ments, by  a  central    glass    partition   tube   CkG^ 

rn  at  both  ends,  and  fused   to  the  tube  AjB     m^^ 
ig  the  ring  CC\  about  7*^"  from  the  top.     CkC  C  ^^  0 
is  about  17"°  long  and  •13''™  in  internal  diameter,     ^^3^^ 
drawn  as  thin-walled  and  even  in  calibre  as  possi- 
ble, so  that  the  greater  part  of  its  lower  length 
may  be  available  for  measurement. 

The  substance  to  be  examined  is  introduced  into 
the  annular  space  £^£]  care  being  taken  that  when 
fused  under  the  highest  temperature  and  lowest 
pressure  to  be  applied,  its  lower  boundary  may  be 
4*°*  or  more  above  the  end  k.  Immediately  in 
contact  with  EE  and  extending  upward  into  the 
central  tube  is  a  plug  of  mercury  jp'jFy  with  its' 
free  meniscus  at  ff.  When  jE£!  is  solid,  o'  must  be 
(say)  2°°  above  the  end  A,  and  when  EE  is  liquid  ^ 
ff  must  even  in  the  extreme  case  be  at  about  an 
equal  distance  below  the  end  CC  of  the  tube  CkC.  The 
remainder  of  this  tube,  above  g,  is  quite  filled  with  a  con- 
centrated solution  of  zinc  sulphates  (r/ig^  into  which  an  amal- 
gamated zinc  terminal  />,  has  been  submerged  and  fixed  in 
position  by  the  platinum  wire  «,  fused  to  the  sides  of  the  tube 
^i?  as  shown.  The  other  terminal  b  passing  through  the 
sealed  bottom  of  AB,  is  in  metallic  connection  with  the  mer- 
cury 7^7^  therein  contained. 

The  tube  thus  adjusted  is  completely  submerged  in  the  oil 
within  the  insulated  tubular  piezometer,  with  which  the  termi- 
nal a  connects.  The  terminal  b  completely  insulated  from  the 
piezometer  by  a  coating  of  glass  tube,  is  in  metallic  connection 
with  the  barrel.  Thus  the  tube  AJB  is  held  in  position  by 
tensely  stretching  the  fixed  wires  a  and  J,  and  so  adjusting 
their  lengths  that  the  parts  EE  and  hg  with  reference  to  which 
the  measurements  are  made,  may  lie  wholly  within  the  vapor 

*  Results  thus  obtained  in  oomparing  various  high  pressure  gauges  and  methods 
of  manipulation  will  be  g^ven  in  a  current  number  of  the  Phil.  Mag.,  xxzi,  p.  400, 
1891. 
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reservoir  of  the  cylindrical  vapor  bath  surrounding  the  piezom- 
eter. Many  of  these  operations  are  delicate,  but  descriptions 
mnst  be  omitted. 

An  inspection  of  the  Hgure  shows  at  once  that  if  a  current 
enter  the  ontside  of  the  barrel,  it  wiil  pass  through  h,  Ic,  A,  D 
and  a,  into  the  outside  of  the  piezometer,  and  thence  back  to 
the  battery.  The  only  relatively  significant  resistance  en- 
countered in  sucli  a  conrse,  can  be  confined  to  the  path  between 
g  and  h,  through  the  thread  of  the  zinc  sulphate  solution  ;  bul 
this  resistance,  cfet.  par.,  varies  directly  with  the  length  oi  gh 
and  therefore  proportionally  to  the  volume  contraction  of  the 
substance  EK  If  Kohlrausch's  method*  of  intermittent  car 
rents,  bridge  and  telephone  be  used  for  the  resistance  messure- 
ment  of  tlie  electrolyte,  solidification  or  fusion  of  EE  breaks 
npon  the  ear  with  a  loud  roar,  whereas  the  ordinary  volume 
changes  (solid  or  liquid)  are  indicated  by  intensifications  of  the 
sound  in  the  telephone,  eutEciently  pronounced  however  to 
subserve  the  purposes  of  uieasureraent. 

It  is  seen  that  any  breakage  of  the  surface  of  separatiou 
between  E'E  and  /'/'  is  entirely  without  influence  on  these 
results,  and  that  even  in  case  of  solidification  of  EE,  when  the 
mercury  is  forced  into  the  interstices  left  after  contraction,  the 
compressibility  of  A'A'wiil  still  be  measurable. 

Tlie  charging  of  the  tube  free  from  air,  is  an  operation 
which  I  have  not  yet  accomplished  satisfactorHy.  If  a  volatile 
substance  like  naphthalene  be  filled  into  EE  and  fused  in 
vacuo,  vapors  objectionably  condense  in  the  tube  hk.  If  EE 
be  not  fused,  I  doubt  whether  the  air  can  be  eliniinated  in 
vacuo.  Hence  in  the  present  work,  the  substance  was  not  air- 
frL-o.  u  condition  to  which  I  iravu  li'sa  attention  because 
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:  (1)  The  volume  of  the  charge  at  a  fiducial  temperature 
•reesure ;  (2)  The  volume  of  the  plug  of  mercury  under 
ime  conditions ;  (3)  The  volume  of  the  central  tube  kh 
e  1)  per  centimeter  of  length ;  (4)  The  resistance  of  the 
i  of  zinc  sulphate  solution,  per  centimeter  of  length, 
•  all  the  stated  conditions  of  temperature  and  pressure. 

(3)  and  (4)  there  follows  at  once  (5)  the  resistance  of  the 
i  of  zinc  sulphate  per  unit  of  volume,  under  any  stated 
tions  of  temperature  and  pressure.  Thus  it  is  necessary 
restigate  preliminarily  (6)  the  isopiestic  relation  of  resist- 
and  temperature  of  the  given  concentrated  solution  of 
sulphate,  and  (7)  the  isothermal  relation  of  resistance  and 
are  of  the  same  solution.  In  other  words  one  must  know 
may  be  called  the  isoelectrics  of  the  measuring  electrolyte, 
lermore  it  is  necessary  to  find  (8)  the  compressibility  of 
flass  in  its  relation  to  pressure  and  temperature  and  (9) 
ompressibility  of  mercury  under  the  same  conditions ; 
Y  (10)  the  thermal  expansion  of  the  glass  and  (11)  the 
lal  expansion  of  mercury  under  given  conditions  of 
ore. 

e  measurements  (8)  to  (11)  I  have  not  thus  far  made 
bly.  They  are  here  of  small  importance,  seeing  that  the 
ances  on  which  I  operate  are  all  characterized  by  rela- 
r  large  volume  changes.  Such  measurements,  however,  are 
'  feasible,  since  both  the  expansion  constants  and  the 
ression  constants  of  pure  mercury  (thanks  to  the  recent 
5  of  Tait,  Amagat*  and  Guillaume)  are  now  thoroughly 
n,  and  it  is  also  known  that  the  thermal  changes  of  the 
cs  of  glass  are  of  no  relative  consequence,t  even  as  far  as 
If  therefore  the  tube  AB,  figure  1,  be  tilled  with  mer- 

replacing  the  substance  KE^  the  expansion  and  cora- 
lon  constants  may  be  found  by  the  method  above  stated, 
ice  for  all.  In  the  present  paper  I  assumed  the  compres- 
:y  of  my  glassj  to  be  •0O00022,  that  of  mercury,^  being 
039  ;  moreover  the  coeflicient  of  thermal  expansion  of  the 

to  be  .000025,  that  of  mercury^f  between  H0°  and  130° 

:  -000182. 

Voluvie  of  the  charge. — Clearly  the  fiducial  conditions  to 
1  the  volumes  are  to  be  referred,  are  given  by  the  (normal) 
ng  point,  under  atmospheric  pressure.  By  weighing  the 
before  and  after  charging,  I  found  for  the  mass  of  naph- 
Qe  enclosed,  'l(S*i^(j,  h\  a  special  and  duplicate  set  of 
3meter  measurements,  I  furthermore  found  for  the  density 
sed  naphthalene  at  82°,  '724.     Hence  the  volume  of  the 

.  E.  H.  Amagat:   Ann.  ch.  et  pliys ,  VI,  xxii,  p.  95,   1891. 

id.,  p.  136.  X  Ibid.,  p.  125.  g  Ibid.,  p.  137. 

Qdolt  u.  BoerDStein's  tables,  1883,  p.  69.  ^  Ibid ,  p.  37. 


i 


132         C.  Barus — Continuity  of  Solid  and  Liquid. 

charge  at  82°  is  '552  em",  which  1  took  for  the  volame  at  tlie 
normal  melting  point  (80°), 

9.  Mepansion  and  compressihUtti/  of  envelopea. — The  ping 
of  mercury  weighed  I'lig.  Its  volume  was  therefore  571  cm", 
at  20°,  and  its  mean  volume  between  60°  and  180°  (being  be- 
tween "575  and  ■582)  sufficiently  near  58  cm". 

ThnB  the  volume  of  the  glass  tube  containing  both  the 
charge  of  naphthalene  and  of  mercury,  was  1'13  cm'.  Its 
expansion  per  degree  centigrade  '000028  cm',  while  the  ex- 
pansion of  the  mercury  in  place  was  '000105  cm',  per  de- 
gree, whence  the  apparent  expansion  "00007  cm'  per  degree. 
Therefore  if  in  place  of  the  fiducial  volume  502  cm'  (§  8), 
the  following  volumes  be  substituted,  viz; 


the  tube  may  be  treated  as  free  from  thermal  expansion.  Here 
at  80°,  -555  appears  instead  of  '552,  to  allow  tor  the  (idncial 
volume  of  the  stem  kU  (fig.  1),  as  will  be  shown  in  §  17. 

Again  the  compression  of  the  1'13  cm.'  of  glass,  and  the 
■58  cm.',  of  mercury  will  be : 

100  atm.;  gla&9.  '00025  ora.^;  merciirj,  ■00023  cm.';  difference,  -00003  cm.' 


Thus  the  corrections  which  would  individaally  be  appreci- 
al>le  (iitlecting  the  increments  say  3  per  cent)  are  differenti&llj 
negligible  (.3  per  cent)  where  they  fall    below  the  electrical 

>efticic'iU  I'f  Hnj  zinc  8uliih;iii'  ^ohitiuii.     iil4,  ef,  ji^i. 


C.  Barua — Continuity  of  Solid  and  Liquid.         133 

>ility  when  the  thread  is  worked  up  and  down  many  hundred 
imes,  particularly  in  view  of  the  suddenness  of  solidiiieation), 
;he  constants  of  reduction  are  not  thereby  necessarily  vitiated, 
dways  supposing  the  number  of  such  breaks  to  be  smalL  The 
shifting  of  coordinates  thus  produced  can  be  corrected  by 
3heck-work  at  a  given  temperature.*  Long  continued  passage 
of  intermittent  currents,  charges  the  mercury  with  zinc,  but 
solution  of  mercury  can  not  become  serious,  since  the  column 
is  being  continually  washed  by  the  terminal  D.  Some  ad  van- 
tafi^  would  be  gained  by  using  zinc  sulphate  in  the  strength 
(1*286,  Kohlrausch)  which  corresponds  to  maximum  conduct- 
ivity. 

11.  Cdlihration. — The  tube  hh^  figure  1,  being  of  insuffi- 
ciently uniform  caliber,  volume  must  be  expressed  as  a  func- 
tion of  length.  This  I  did  by  weighing  threads  of  mercury, 
whose  length  had  been  measured  in  successive  parts  of  tne 
tube,  obtaining  the  results  of  the  first  two  columns  of  table  1. 
The  fiducial  zero  is  here  arbitraily  placed  2^™  below  the  ring 
CC. 

Similarly  the  resistance  of  the  filament  of  zinc  sulphate  hg 
must  be  expressed  as  a  function  of  length,  referred  to  the 
same  fiducial  zero,  at  some  convenient  atmospheric  temperature. 
To  do  this,  I  drew  a  zinc  wire  down  to  a  diameter  slighth- 
below  the  caliber  of  the  tube.  Opening  the  bottom  of  AB^ 
and  closing  the  top  so  as  to  hold  the  terminal  D  firmly  in  posi- 
tion, I  inverted  the  tube  and  quite  filled  it  with  the  solution. 
AB  was  then  placed  in  a  cold  water  bath,  with  the  terminal  a 
insulated,  and  the  terminal  h  replaced  by  the  zinc  wire  referred 


Table  1. —  Voluints  per  unit  of  length.     Electrical  resistance  per   unit  of  length 

6=  U'S".      Volume  per  unit  of  resistance  0=  1 7 '8®. 


LeDgth.  Volume. 


cm. 


2-75 

610 

9-65 

13-40 


cm.* 


3-00 
1115 

445 

9-79 

15-42 

•0491 
,         1609 

•0715  " 

•1430 

•2145 

3-30 

7-20 

1140 

15-60 

•0538 
•1076 
•1614 
•2152 

•0470 
•0940 
•1410 

•1880 


Length. 

cm. 

-06 
2^13 
4-75 
7-96 

1206 

138 
3-43 
6^18 
900 
11-49 


Resistance. 

ohms. 

2720 

5780 
10190 
16200 
24340 

4630 

7920 
12790 
18220 
23140 


Resistance. 

ohms. 

2800 

5530 

8850 
12530 
16270 
20250 
24250 
28500 


Volume, 


cm.^ 

•0000 

•0350 

•0640 

•0920 

•1190 

•1450 

•1706 

•1960 


*  This  I  should  have  done  after  obtaining  Table  9,  g21 ;  but  the  full  details  of 
manipulation  could  not  all  be  foreseen  at  the  outset. 
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to,  and  80  adjusted  that  I  conld  slide  it  np  or  down  and  fix  it 
in  an^  position  at  pleasure.  MeasariDg  the  dietance  between 
the  ring  CO  and  the  free  end  of  the  wire,  with  Grnnow's 
cathetometer,  and  measuring  at  the  same  time  the  resistance 
corresponding  to  this  length,  I  obtained  the  data  neeessarv  for 
constnicting  resistance  as  a  f  nnction  of  length,  for  the  teninerB 
tore  of  the  batli.  In  this  way  the  second  and  third  eolamus 
of  table  1  were  found. 

Combining  the  results  of  these  four  eolnmns  by  craphre 
interpolation,  I  obtained  the  fifth  and  sixth  eolnmns  iii  which 
volnme  is  expressed  in  terms  of  resistance,  at  the  temperature 
ff=n-8°  with  regard  to  the  fiducial  mark  in  qnestion. 

12.  Electrdytii^  resistance  and  tem.pefatv.re. — Theinvestiga 
tion  of  this  relation  is  a  general  problem,  quite  apart  from  the 
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^ecial  apparatus  used.  Nevertheless  I  made  two  sets  of 
easurements,  in  the  first  of  which  I  determined  the  resistance 
•  the  thread  AA,  fig.  1,  between  fixed  terminals  of  zinc,  when 
le  whole  apparatus  was  kept  at  successive  constant  tempera- 
ire,  and  under  pressures  sumcient  to  insure  the  condensation 
'    all  polarization  gases  and  the   presence  of   a  continuous 

Slid  thread  of  zinc  sulphate  solution.  The  four  columned 
le  2  contains  these  results,  where  JR/R^^^  is  the  relative 
distance  at  any  stated  temperature  in  terms  of  the  corre- 
)onding  datum  for  100**  C.  At  100®  moreover  pressures  are 
iried  for  the  measurement  of  the  pressure  coeflScients  dis- 
issed  in  the  next  paragraph. 

In  the  second  and  third  parts  of  the  table,  the  above  tube 
[B  was  replaced  by  a  plain  straight  tube.  Resistances  are 
inch  smaller  here,  but  the  column  R/R^^  makes  all  the 
Gita  comparable. 

If  the  values  R/R^^  be  compared  graphically,  as  a  function 
I  temperature  for  nearly  the  same  pressures,  the  results  of 
1  the  series  in  table  2  are  in  good  accord.  Moreover  the 
isalts  for  the  large  interval  6°  to  160°,  lie  on  a  curve  whose 
►rm  closely  resembles  an  hyperbola.  From  this  point  of  view 
e  data  are  remarkably  interesting:  for  if  it  be  true,  then  a 
itable  inversion  of  the  locus  indicates  that  the  electric  con- 
ictivity  of  the  electrolyte  varies  linearly  with  temperature, 
ich  a  result  would  not  only  possess  theoretic  interest,  but 
ould  make  measurements  of  the  kind  necessary  in  the  present 
iper  feasible  with  a  high  degree  of  certainty.  The  interpola- 
>n8  of  this  paper  were  made  empirically  however,  and  I  must 
ithhold  further  opinion  until  I  can  trace  the  locus  as  far  as 
)0°.  I  may  add  that  inasmuch  as  a  solution  of  maximum 
mductivity  is  accompanied  by  a  smaller  tem]>erature  coeffi- 
ent,  advantages  of  such  a  solution  are  suggested,  ^10. 

13.  Volume  in  terms  of  resistance. — With  the  data  of  §§11 
id  12  in  hand,  it  is  now  possible  to  express  the  volume  of 
le  capillary  tube  ///•,  figure  1,  in  terms  of  the  resistance  of 
le  thread  of  electrolyte,  observed  at  any  temperature.  With 
lis  object  in  view,  I  computed  tables  for  each  of  the  tempera- 
ires  of  the  isothermals  below,  §§15  to  21,  facilitating  the 
irther  reduction  by  graphic  methods.  Being  merely  of  pass- 
ig  interest  the  tables  are  omitted  here. 

14.  Pressure  coefficient  of  the  electrolyte. — The  results  in 
Lble  2  for  variable  pressure  and  constant  temperature  are 
immarized  in  the  small  table  4,  below.  Here  0  denotes  the 
imperature,  R  the  resistance  of  the  thread,  and  k=8R/R^'3p 
here  p  symbolizes  pressure,  the  pressure  coefficient  sought 
•.holds  at  0°  6'. 
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Tablb  i.. — PrtnvTt  atffideaU  of  concentrated  mtc  m^hlUe  lehMan. 

9      Presran.  Jtxlf 


ressure. 

kxlO' 

H 

Preaaure. 

kxW 

I19» 

47B( 

-43 

100* 

1B7I 
482 

-M 

119  ( 
868  f 

-35 

1B7) 
996  f 

-49 

"*  i        -M 


The  mean  value  is  i=— 45/10*,  being  negative,  inasmnchu 
the  reBistance  ie  here  decreased  by  preBBure.  The  preeeure 
coeflicieDt  is  nearly  independent  of  temperatare,  and  decrewei 
somewhat  with  preiienre.  The  reeulta,  nowever,  are  not  quite 
consistent,  and  a  detailed  construction  of  the  data  in  table  i 
shows  a  difference  of  march  in  tlie  pressure  on  and  the  pres 
sure  off  movements.  I  have  yet  to  learn  whether  this  be  due 
to  insufficiently  fixed  terminals,  or  to  polarization,  as  well  is 
to  titid  the  conditions  (change  of  concentration  or  of  the  solo- 
tion)  under  which  the  pressure  coefficient  may  be  a  minimum 
As  the  results  stand  the  mean  value  is  probably  within  20  per 
cent  of  the  truth,  and  hence  in  the  extreme  case  of  3000  atm_ 
the  untcrtaiiity  of  the  pressure  coetliciont  will  not  affect  the 
vohime  increments  more  tlian  2  per  cent. 

In  an  earlier  paper,*  I  found*  ^■=—50/10'  between  I' aiiJ 
150  atm.,  agreeing  substantially  with  table  4.  I  then  called 
attention  to  the  strikingly  close  proximity  of  this  datum  to  llie 
corresponding  coefficient  for  mercury  i=— 30/10*.  The  pres- 
sure coefficient  is  of  considerable  interest,  inasmuch  as  it  indi- 
cates a  certain  relation  between  elasticity  and  the  chemical 
equilibrium  of  the  solid  or  liquid  operated  ont  specially  for 
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,  after  which  H  can  be  expressed  as  a  volume  increment, 
ed  as  yet  to  an  arbitrary  fiducial  zero,  §§  13,  14.  The 
ponding  volume  (last  column  of  the  tables)  is  deduced 
this  by  mserting  the  initial  volume  values  of  §9.  Cf.  §17. 
o  data  are  usually  given  for  each  step  of  pressure,  the 
i  of  which,  obtained  after  long  waiting  (5°*  or  more)  is 
nearly  isothermal  than  the  first.  In  most  cases,  a  small 
onal  volume  decrement  takes  place  after  solidification, 
'  viscously  or  as  the  results  of  gradual  decrease  of  tem- 
ire. 

•entheses  occur  to  show  that  for  the  data  enclosed  the 
irement  was  made  along  an  (upper)  part  of  the  tube  AA, 

1,  whose  calibre  was  not  suflSciently  uniform.     Without 
ing  the  full  expansions  at  the  higher  temperatures  and 

pressures,  it  is  a  priori  impossible  so  to  fill  the  tube  that 
easurements  fall  within  calibrated  parts,  and  all  other 
ation  conditions  are  complied  with,  §9.  These  approxima- 
however  refer  to  the  liquid  state,  and  are  thus  of  less 
juence  in  this  paper,  §1.  If  the  isothermals  of  the  liquid 
«rere  sought,  it  would  be  advisable  to  make  the  tube  hk 
nuch  more  nearly  capillary  from  the  outset. 
3  experiments  were  made  on  different  days,  and  together 
ded  over  more  than  a  week.  This  is  too  long  a  time  to 
>y  the  tube  without  special  readjustment,  and  some  shift- 
'  coordinates  may  therefore  have  occurred.  §§10,  25,  26. 
lay  add  finally  that  the  melting  point  of  naphthalene  in 
about  80°,  its  solidification  point  below  this,  under  proper 
tions.     The  density  of  the  solid  is  1*14,  and  that  of  the 

at  82°,  is  '724,  §8.     Hence  naphthalene  melted  in  water 

or  swims,   according  as   its  temperature  is  sufficiently 

or  above  80°. 

Solid  iaotherraal^  63°. — Clearly  the   data   obtained   in 
bing  on  the  solid  will  be  less  accurate   than  the  liquid 

5. — Isoihennnls  of  {solid)  naphthalene,  at  BSS**,  referred  to  '55  cm.^,  at  the 

normal  melting  point 


PreRsure. 

R. 

1 

kp 
xlO^ 

Volume. 

Time. 

Pressure. 

R. 

kp 
X  103 

Volume. 

atm. 

ohms. 

cm} 

m. 

atm. 

ohms. 

cm.^ 

70 

7600 

3 

•4127 

38 

859 

8240 

39 

•3965 

68 

7430 

3 

•4166 

40 

850 

8120 

38 

•3988 

289 

7760 

13 

•4085 

42 

972 

8310 

44 

•3946 

281 

7030 

13 

•4109 

44 

966 

8310 

44 

•3945 

491 

!  8160 

22 

4003  1 

46 

565 

7600 

25 

•4097 

481 

,  80)0 

22 

•4027 

49 

565 

,  7605 

25 

•4097 

«75 

8050 

30 

•4010 

51 

100 

'  7270 

4 

•4183 

662 

7880 

30 

•4039 

67 

65 

7340 

3 

•4173 

138  C.  Barvs — Continuity  of  Solid  and  Liquid, 

data,  §6.  For  in  addition  to  relatively  greater  importance  of 
the  correetiona  for  the  compressibility  of  the  envelopes,  tbe 
fissured  or  honeycombed  structure  and  the  high  resistances, 
^10,  interfere  with  sharp  measnrement.  Nevertheless  by  com- 
paring the  data  witii  similar  solid  ieothermalB  obtained  at  ranch 
higher  temperatures,  their  validity  may  be  inferred. 

With  reference  to  the  series  it  is  interesting  to  note  that  re- 
coil of  volume  (pressure  decreasing)  is  more  rapid  than  compres- 
sion.    The  reverse  of  this  would  have  beon  anticipated,  sup-    , 
posing  that  mercury  lodged  in  the  interstices.     The  liijuid  in    i 
the  above  case  was  allowed  to  solidify  under  pressiire.  J 
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iai  zero  of  the  stem  hk^  figure  1.  For  at  pressure  zfero 
nerement  is  -0024:  cm.'.  Hence  the  value  '5524  of  §  8, 
ased  by  "0024  is  the  fiducial  volume  ('555  cm.*  nearly) 
to  be  used,  and  from  this  the  others  are  derived.  §  9. 
.  Liquid-solid  isotfiermals  at  90°. — Two  independent 
5  of  results  are  in  hand.  The  example  given,  in  table  7 
3  second  in  number. 

.  Liquid-solid  isothermals  at  100^, — Four  independent 
3  are  in  hand.  The  example  given  in  table  8  is  the  second 
imber. 

8. — Isothermals  of  naphthalene,  at  100*,  referred  to  '55  cm,*  at  the  normal 

melting  point. 


Pressure. 

B. 

kp 
xl0» 

Volume. 

Time. 

Pressure. 

R. 

kp 
xl03 

Volume. 

atm. 

ohms. 

cm.^ 

m. 

atm. 

ohms. 

cm.* 

116 

667 

5 

(•5575) 
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41 

•4124 

116 
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'.  Liquid-solid  isothennals  at  117°. — The  vapor  bath  in 
case  was  filled  with  amyl  alcohol  from  which  the  water 
not  been  extracted.  §  4.  The  results  for  solidification 
ined  are  worthless,  except  in  so  far  as  they  contain  specific 
ence  of  certain  peculiarities  of  behavior  of  an  unevenly 
)eratured  tube,  referred  to  below.  §§  25,  27.  The  data 
usion  are  in  part  available.  I  omit  the  table. 
.  Liquid-solid  isothermals  at  130°, — Four  independent 
B  of  results  are  in  hand.  The  example  given  in  table  9  is 
lecond  in  number. 
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22.  Graphic  construction. — To  obtain  a  snrvej  over  this 
eeriee  of  individna)  data,  it  will  be  necessary  to  resort  to  the 
pictorial  method,  and  to  represent  volume  as  a  fanction  of 
(tressnre,  under  the  snccessife  conditions  of  constant  tempen- 
tnre.  This  has  been  done  in  the  following  chart.  Theordi- 
nates  are  volumes  (iidiicial  volnme  being  -5524  cm,'  at  80° 
nearly,  and  arbitrarily  chosen),  the  abscissas  are  pre^enres, 
The  teraperatnres  of  the  isothennals  are  given  at  tne  begin^ 
ning  and  the  end  of  each  curve ;  and  the  dates  or  times  in 
minute«  at  which  the  individna!  observations  were  made,  art 
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ridences  of  the  thoronghly  static  character  of  these  phenom- 
a  are  abundant,  I  mention :  solid  isothermal  100°,  firet 
ries  (not  fi;iven  above),  where  I  waited  from  50"  to  100"  at  a 
essore  below  the  solidifyinp  point  of  tiie  liquid,  without  ob- 
ining  fusion,  whereas,  after  this  fusion  is  completed  between 


il"  and  112°  with  only  alightly  further  reduction  of  pressure ; 
[oid  isothermal  100°,  second  series  (given  above  ^  19,  and 
art  §  22),  where  I  waited  from  47°  to  121™  at  a  pressure 
eater  than  that  at  which  the  solid  fuses,  witliout  obtaining 
liditicstion,  whereas  this  sets  in  at  once  between  121"  and 
12*°,  when  the  pressure  interval  is  only  slightly  increased; 
lid  isothermal  130°,  secood  series,  where  I  wait  from  86"  to 
i"  at  a  pressure  below  the  solidifying  point  without  change 
volume  or  fusion  whatever,  etc.  If  nigh  temperature  con- 
bions  are  nufavorable  to  volume  lag,  this  evidence  and  much 
te  which  I  might  add,  is  accentuated. 

I  have  already  pointed  out*  that  it  is  a  phenomenon  inher- 

t  in  the  passage  from  one  molecular  condition  to  another, 

*  Thig  Journal,  1.  c,  Phi!.  Mag,  (7),  xui,  p.  21,  1S91. 
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which  lies  at  the  root  of  all  manifestations  of  hysteresis, 
-whether  observed  electrically  (Cohn,  Ewing,  Schuinann),  or 
magnetically  (Warburg,  Ewing),  or  as  a  purely  mechanical 
result  in  my  work,*  during  fusion,  as  above,  daring  solution, 
§  29,  etc. 

24.  James  TAomson's  double  inflections. — Solidification  al- 
most always  sets  in  at  once.  One  would  expect  this:  for  if 
there  be  condensation  or  crystallization  at  any  one  point,  it  will 
form  the  nucleus  from  which  the  whole  column  will  be  solidi- 
tied,  so  far  its  it  lies  iu  the  field  of  volume  lag.  Only  in  one 
case  {liquid  isothermal  83°  60°  to  63°")  did  I  obtain  evidence  of 
curvature.  Usually  even  at  low  temperatures  the  path  is  pi*- 
cipitous,  because  pressure  cannot  be  lowered  rapidly  enough. 

The  reverse  oi  this  holds  in  case  of  fusion.  Here  tli« 
initial  or  stable  contours  of  James  Thomson's  circumflex utk 
are  well  marked.  It  is  true  that  fusion  cannot  take  place  in- 
stantaneously, because  heat  cannot  be  supplied  fast  «noagh. 
It  is  also  true  that  if  temperature  be  not  quite  identical 
throughout  the  length  of  column,  fusion  will  first  take  place  at 
the  hotter  planes  below,  and  proceed  thence  to  the  top.t  In  the 
present  experiments,  however,  the  phenomenon  occurs  with 
the  same  uniformity  at  all  temperatures,  and  is  quite  pro- 
nounced in  the  steam  bath.  §  4.  Hence,  taking  into  additional 
consideration  the  evidence  of  §  22,  I  conclude  that  the  initial 
contours  are  static  and  regard  thein  as  partially  evidencing 
James  Thomson's}  well  known  inference  relative  to  the  donblj 
inflected  contours  of  the  isothermal  paths  accompanyii^ 
change  of  physical  state.  When  fusion  actually  sets  in,  the 
phenomenon  is  no  longer  observable  ;  for  the  physical  parta  of 
'    ■  exist  in  widely  ditfereiit  tlicTLiuil  states.     ' 


C.  Barvs — Continuity  of  Solid  and  Liquid,         143 


points ;  but  as  these  data  are  identical  in  purport  with  those 
of  table  10,  and  since  the  melting  volume  is  necessarily  less 
easy  of  definition,  §  23,  I  will  omit  them  here. 

Table   10. —  Volumts  solid  and  liquid  at  the   solidifying  points,  varying    with 

pressure.* 
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A  noticeable  feature  of  the  diagram  is  the  closer  accordance 
of  the  three  groups  of  points  between  0  and  1000  atm.,  during 
which  measurements  steam  was  used  as  the  medium  of  constant 
temperature,  as  compared  with  the  single  group  of  points  be- 
tween 1000  atm.  and  2000  atm.,  when  vapor  of  amyl  alcohol 
was  used.  I  account  for  this  by  supposing  solidification  in  the 
last  case  to  have  been  premature,  and  associate  the  result  with 
insufficient  constancv  of  the  vapor  bath.  §§  4,  20,  23.  Hence, 
the  liquid  volumes  round  are  too  large.  There  may  also  have 
been  some  gradual  change  of  the  constants  of  the  volume  tube, 
which  in  the  lapse  of  time  became  appreciable.  §§15,  10. 
Further  experiments  must  decide  this  point.  Regarding  solid 
volumes  it  is  clear  that  no  device  can  define  them  as  closely  as 
the  liquid  volumes;  indeed  the  degree  of  definition  attained 
is  one  of  the  virtues  of  the  method.     §  16. 

In  figure  3  I  have  therefore  placed  chief  reliance  on  the 
water  points  (0  to  1000  atm.)  and  drawn  the  locus  accordingly. 

26.  Critical  point. — The  area  enclosed  by  the  lines  ao  .  ,  ,y 
and  bd  .  ,  ,,  supposing  h  and  c  eventually  to  coalesce,  has  the 
same  signification  as  Andrews's  area  of  vapor  tensions.  This 
would  also  be  true  of  the  similar  figure  for  the  characteristic 
volumes  at  the  melting  points,  and  more  pointedly  of  the 
figure  in  which  solidification  volumes  are  taken  at  the  solidi- 
fying points  and  fusion  volumes  at  the  melting  points.  §  25. 
All  of  these  diagrams  point  out  the  probable  occurrence  of  a 
critical  point  in  the  region  of  positive  pressure^  reached  in  the 
direction  of  increasing  temperature^  at  which  point  solid  would 
change  to  liquid  and  hquid  to  solid,  without  paroxysmal  change 

*  See  remarks  on  table  11,  §  27. 

Ah.  Joint.  Sot.— TmRD  Sbrobs,  Vol.  XLII,  No.  248.— Auqust,  IS^l. 
10 
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of  volume,  and  consequently  withoot  volnme  lag.  In  csm  dl 
naphtlialeiie  tlie  pogitioD  of  this  poiiit  mav  be  coojectnreti  » 
several  hundred  uegreee  centigraae  and  eever&I  thoaeand  |J<:<ai) 

to  10,000)  atmospheres. 


27.  Solidi/ijiiig  points  ami  melting  points. — The  cjd« 
depicted  in  Hgure  2  have  two  prominent  cnaracterifitics :  Tiwj 
gradually  decrease  in  vertical  extent  from  left  to  right  and  thei 
gmdnally  decrease  in  lateral  extent  fi-ora  a  central  area  towani 
both  eidea  of  the  chart.  The  former  qnality  has  already  been 
interpreted.  §25.  26.     The  latter  is  now  to  be  considered. 
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Pable  11  gives  the  values  of  the  pressures  correspondiDg  to 
idification  and  to  fusion  at  the  different  temperatures, 
•ether  with  other  relevant  information,  as  sharply  as  these 
tements  can  be  made.  M.  P.  denotes  melting  point,  S.  P., 
idifying  point. 

Let  the  solidifying  points  and  melting  points  be  constructed 
functions  of  pressure.  Figure  4  shows  the  points  to  lie  on 
;pindle-shaped  figure,  running  diagonally  across  the  chart, 
ey  are  again  taken  out  of  all  the  four  sets  of  results  and 
mbered  accordingly.  §25.  The  parts  of  the  curves  actu- 
f  observed  are  given  in  full  lines,  the  inferential  prolonga- 
ns  in  dotted  lines. 

From  the  nature  of  the  case  the  solidification  points  are  not 
Tply  determinable.  §23.  Even  leaving  the  nuclear  solidifi- 
ion  induced  by  inconstancy  in  the  linear  distribution  of 
iperature  out  of  sight  (a  marked  example  of  which  occurs 
the  series  for  117®,  §20,  where  solidification  and  fusion  are 
ictically  coincident),  all  percussion  and  jarring,  too  rapid 
rease  of  pressure,  a  vibratile  wire  running  through  the 
umn  as  in  some  of  my  earlier  experiments,  will  cause  the 
ole  labile  structure  to  topple  into  solidification.  Hence  the 
idifying  points  must  be  lairly  crept  upon  and  surprised,  and 
ice  my  present  results  in  whicn  these  precautions  were 
en  show  nigh  solidifying  points  as  compared  with  my  other 
rk.  §2,  note 

Fhese  conditions  do  not  hold  with  like  importance  in  case  of 
ion ;  for  the  melting  points  as  a  rule  show  much  greater 
ncidence. 

[n  figure  4  I  have  therefore  placed  chief  reliance  on  the 
;a  of  series  II  obtained  as  they  were  with  the  experience  of 
ies  I  to  guide  me. 

38.  Transitional  point — If  the  two  curves  be  prolonged  in 
J  direction  of  increasing  temperature,  their  eventual  coales- 
ice  is  presumptive  by  §§  25,  26.  Clearly  the  occurrence  of 
Inme  lag  must  cease  when  the  paroxysmal  volume  changes 
lish. 

[f  the  two  curves  be  prolonged  in  the  direction  of  decreasing 
aperature,  then  the  data  themselves  indicate  the  probability 
an  intersection  in  the  region  of  negative  pressure.  Beyond 
s,  therefore,  there  would  be  an  inversion  of  the  conditions  of 
ion :  in  other  words,  the  substance  would  solidify  at  a  lower 
jssure  than  that  at  which  it  fuses,  and  fuse  at  a  higher  pres- 
e  than  corresponds  to  solidification.  I  believe  this  remark- 
e  suggestion  to  be  interpretable  as  follows:  The  normal 
►e  of  fusion  changes  continuously  into  the  ice  type  of  fusion, 
on^  a  transitional  tvpe,  characterized  by  the  zero  of  volume 
.     The  position  of  the  latter  for  naphthalene,  so  far  as  can 
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now  be  discerned,  may  be  placed  at  (say)  50°  and  (say)— lOOC 
atm.  It  is  noteworthy,  that  with  the  underetandtng  here  laid 
down,  the  normal  type  of  fnsion  is  reached  from  the  ice  type, 
in  the  direction  of  increasing  temperature.* 

29.  Solubility  and  pressure. — In  view  of  the  detailed  analogy 
which  holds  between  many  characters  of  fneion,  and  of  solu- 
tion, much  that  can  be  investigated  for  the  simpler  of  these 
phenomena  (fusion  apparently)  will  be  applicable  to  the  other. 
A  substance  may  be  transferred  from  the  solid  into  the  liqnid 
state  either  (1)  by  heating  it,  or  (2)  by  dissolvinj;;  it.  In  gen- 
eral, excess  of  temperature,  or  of  solvent  favor  the  diminution 
of  viscosity  here  in  question.  A  liquid  on  the  verge  of  solidi- 
fication or  a  concentrated  solution  is  solidified  or  depo«t« 
solid  on  cooling;  and  in  both  cases  the  nice  adjustment  of 
labile  molecular  equilibrium  is  accompanied  by  volame  hjrter 
esis, — under-pooling,  etc.,  in  the  one  case,  supersaturation,  etc, 
in  the  other.  Hence  I  conclude  that  if  under  proper  thermal 
conditions  pressure  alone  can  solidify  a  liquid,  it  can  also  nnder 
proper  solntional  conditions  induce  crystaUization  or  the  depoNt 
of  solid  from  solution — thereby  trenciiing  upon,  or  (from  a  ne» 
point  of  departure)  approaching  the  modern  chemical  doctrines 
which  originated,  I  believe,  with  van't  Hoff. 

I  am  the  more  justified  in  drawing  these  inferences  as  in  my 
last  articlef  on  the  solvent  action  of  hot  water  on  glass,  I  have 
already  adduced  the  necessary  evidence.  Since  from  one  point 
of  view,  the  isothermal  compressibility  of  silicated  water  is 
increased  proportionally  to  the  time  during  which  the  solvent 
action  has  been  going  on  ;  and  from  another,  with  the  amount 
of  basic  silicate  dissolved, — the  deduction  is  closely  at  hand, 
that  what  pressure  actually  'h"d  in  ibis  instance,  ' 
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Thus  the  work  has  a  bearing  on  the  nature  of  solution ;  for 
to  my  thinking,  what  I  have  ventured  to  call  cohesive  affinities* 
cannot  diflfer  except  in  degree  from  the  affinities  determining 
valency.  At  least  proceeding  on  this  assumption,  I  am  led 
naturally  to  a  theory  regarding  changes  of  the  physical  state  of 
aggregation  in  general,  which  I  will  indicate  elsewhere. 

30.  Conclusion. — In  the  above  pages  I  have  merely  sought 
to  describe  the  results  directly  given  by  experiment  in  so  far 
as  I  understand  them,  and  to  draw  conclusions  which  in  the 
light  of  known  facts  seemed  to  be  admissible  or  even  obvious. 
In  how  far  these  conclusions  are  to  stand  or  fall,  will  depend 
on  similar  investigations,  to  be  made  with  a  variety  of  other 
substances  specially  selected  with  reference  to  their  position  in 
a  scale  of  thermal  state.  §  3.  How  such  selection  is  to  be 
made,  I  am  now  unable  to  intimate.  Substances  for  instance 
which  fuse  continually,  like  glass  or  sealing  wax,  might  at  first 
sight  be  referred  to  positions  near  their  critical  temperatures : 
but  I  believe  these  cases  are  mere  solution  phenomena  of  rela- 
tively small  interest.  At  all  events  at  the  outset,  the  experi- 
ments must  deal  with  bodies  of  definite,  simple  and  preferably 
crystalline  character,  to  the  exclusion  of  mixtures.  1  feel  con- 
fic^ent  that  in  an  examination  of  many  types,  some  will  be 
found  lying  relatively  nearer  the  critical  point,  while  others  lie 
nearer  or  even  beyond  the  transitional  point ;  and  that  if  the 
above  method  be  applied  with  greater  rigor  than  was  done  in 
the  present  paper,  light  will  be  thrown  on  the  long  neglected 
department  of  fusion  and  solution  thermodynamics  as  related 
to  pressure.  From  this  stage  of  progress  it  will  then  be  possi- 
ble to  approach  nearer  the  next  of  the  kindred  phenomena, 
which  I  conceive  to  be  nothing:  less  than  the  kind  of  hysteresis 
or  higher  order  of  volume  lag  Known  as  chemical  affinity. 

J  Added  to  proof. — To  obviate  the  occurrence  of  a  bald  statement  like  the  last,  I 
I  indicate  my  views  on  the  distribution,  or  successive  orders  of  volume  lags. 
These  are  to  be  sought — I,  during  the  passage  of  a  given  atom  into  the  next  con- 
secutive in  a  scale  of  decreasing  atomic  weights;  IT,  during  the  occurrence  of 
dissociation  of  the  molecule,  including  solutions  gas-fluid.  Thcj  are  demonstrable, 
III,  in  the  region  of  Andrews's  vapor  tensions,  including  the  Alex^ef-Masson 
solutions  liquid-liquid;  IV,  in  the  region  of  the  solid-liquid  phenomena  of  the 
present  paper,  including  solutions  solid-liquid:  Y,  in  the  region  of  solid-solid 
phenomena  categorically  distiuKuishable  as  "permanent  set"  (Osmond,  Carus- 
Wilaoii,  Barus).  They  are  to  be  sought  for  finally,  VI,  during  the  passage  of  a 
given  atom  into  the  next  consecutive  in  a  scale  of  increasing  atomic  weights. 

The  enumeration  is  systematic,  and  inasmuch  as  YI  is  virtually  identical  with 
I,  the  inherent  nature  of  these  changes  is  periodic.  Hence  under  suitable  ther- 
mal conditions,  and  continually  increasing  pressure,  the  evolution  of  atoms,  of 
mcrfecules,  of  changes  of  physical  state,  are  successive  stages  of  periodically  recur- 
ring hysteresis.] 

ing  paper  is  at  fault  only  in  postulating  an  unnecessary  change  of  hydration  of  the 
ailicated  water  (1.  c,  p.  116). 

It  is  gratifying  to  note  that  evidence  of  the  similar  solution  behavior  solid-solid 
is  forthcoming,  and  to  be  found  in  the  work  of  Osmond,  of  C.  A.  Carus-Wilson 
(Phi).  Mag.,  xxix,  p.  200),  and  of  myself,  as  I  have  already  pointed  out  (Phil. 
Mag.,  xxxi,  pp.  26-28).]  *  Ibid.,  p.  V\S. 
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Art.  XIII. — Note  on  the  Asphaltum  of  JItah  and  Colorado; 
by  George  H.  Stone. 

During  the  past  vcar  tlie  writer  has  visited  all  the  knovn 
aeplialt  iieldi*  of  western  Colorado  and  nortlieaetern  Utali,  save 
those  situated  within  the  reservatioDs  of  tJie  Ute  Indians,  and 
two  other  exceptions  noted  below.  It  is  intended  at  some 
future  time  to  complete  a  map  of  the  asphalt  exposares  and  to 
publish  a  more  detailed  account  of  them  than  is  possible  in  this 
preliminary  paper. 

Petrographi/  of  the  Deposits. — The  following  named  classes 
of  deposit  are  represented: 

1.  Asphaltic  sand-rock,  known  also  as  sand-asphalt  and  bito- 
minons  rock.  This  is  the  most  abundant  of  all  the  a^phaltic 
deposits.  It  consists  of  a  sandstone  the  grains  of  which  are  in 
contact  with  each  other  and  the  spaces  between  the  ^^rains  are 
wholly  or  partly  filled  with  asphaltum.  The  proportion  of  as- 
plialt  varies  up  to  about  15  per  cent  by  weight  and  27  per  cent 
Dj  volume  Of  course  sandstones  will  contain  different  pro- 
portions of  asphalt  in  their  inter  granular  spaces  Binee  tnoM 
spaces  depend  on  Che  sizes  and  shapes  ot  the  conetitnent 
grains  and  often  on  the  presence  of  other  cementing  sub- 
stances. When  a  bituminous  sandstone  contains  more  than 
about  15  per  cent  of  asphalt,  it  may  be  assumed  that  it  has  not 
been  under  pressure  of  superincumbent  rock  sufficient  to  cause 
the  grains  to  come  in  contact  with  each  other.* 

Tlie  cliickiisC  slrntuni  of  fully  charged  rock  that  I  have  seen 
s  near  4ti  feet  in  thickness.     I'sunlty  the  stratii  of  high  grade 
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yield  no  paraffin,  or  at  most  a  mere  trace  to  solvents  and  boil- 
ing water,  and  a  considerably  larger  proportion  after  destruc- 
tive distillation.  They  approach  cannel  coal  in  composition, 
but  contain  a  very  large  proportion  of  ash,  so  that  none  of 
them  contain  more  than  10,  or  perhaps  20  per  cent  of  carbon- 
aceous matter.  The  richer  layers  are  commonly  known  in 
western  Colorado  as  "  oil  rock,"  and  bum  readily  with  a  bright, 
furious  flame,  leaving  pieces  of  shale  having  the  same  size  and 
shape  as  they  had  before  being  burned.  These  facts  indicate 
that  in  their  natural  state  these  bituminous  shales  (they  all 
contain  so  much  lime  as  to  be  more  nearly  marls  than  shales) 
are  asphaltic  rather  than  paraffinic  rocks.  The  richer  layers 
are  seldom  more  than  4  feet  thick  and  are  found  in  the  midst 
of  low  grade  rocks  (shales,  marls,  and  limestones).  At  one 
place  I  noted  ten  of  the  rich  layers  each  two  to  four  feet 
thick,  distributed  at  intervals  through  about  400  feet  of  rock. 

8.  Bitu7ni7iou8  Limestones, — Limestones  and  marls  consti- 
tute a  large  part  of  the  Tertiary  rocks  of  the  region  under 
discussion,  i.  e.  of  the  asphalt-bearing  formations.  Almost  all 
the  limestones  are  somewhat  bituminous,  and  some  strata  will 
burn  like  the  shales.  They  are  colored  from  gray  to  yellowish- 
brown,  light  color,  rather  than  blackish  like  the  bituminous 
shales.  Usually  they  do  not  contain  distinct 'fossils,  but  are 
often  oolitic,  pisolitic  or  coarser  concretionary,  i.  e.  they  are 
semi-crystalline.  Fetid  layers  are  not  rare,  and  some  of  them 
are  particularly  oflEensive.  Cavities  in  the  bituminous  lime- 
stones are  often  filled  with  hard  asphalt,  in  some  places  taking 
the  form  of  Wurtzilite,  in  other  places  Uintaite.  The  color  of 
the.Uintaite  varies  from  the  deepest  black  to  brown  and  even 
gray-brown.  The  lighter  colors  are  found  in  the  centers  of 
the  lumps  or  in  the  cavities  less  open  to  the  air.  I  have  found 
asphalt  in  five  classes  of  cavities  in  these  limestones. 

1.  In  small  irregular  or  somewhat  amygdaloidal  cavities  in 
fine  granular  limestone  and  having  no  visible  outlets. 

2.  In  fractures  that  cross  the  strata  for  only  a  short  distance 
(gash  veins  of  the  miners). 

3.  In  deep  fissures  (true  fissure  veins). 

4.  In  caves  or  channels  of  subterranean  streams,  in  which 
the  asphalt  was  brought  in  after  the  stalaginitic  growths  were 
completed  or  nearly  so. 

5.  In  the  interior  of  shells,  or  in  the  cavities  found  in  the 
centers  of  concretions  and  nodules  contained  in  the  limestone. 

The  limestone  yields  on  destructive  distillation  several  per  cent 
of  volatile  and  combustible  carbonaceous  matter.  In  all  cases  un- 
less in  the  fissure  veins  and  stream  caves  it  is  evident  that  the  as- 
phalt must  have  been  derived  from  the  country  rock,  i.  e.  a  bitu- 
minous liquid  oozed  out  of  the  limestone  into  the  cavities.    Since 
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the  limeetone  is  of  a  light  color,  thia  liqnid  maet  have  acquired 
its  dark  color  during  the  process  of  being  changed  into  hard 
asphalt.  This  conclusion  is  confirmed  by  the  lighter  color  of 
the  least  exposed  asphalt.  Evidently  the  bituminous  matter 
that  is  now  in  the  rock  is  not  in  the  condition  of  ordinary 
black  asphalt,  but  the  liquid  which  oozed  out  of  the  rock  was 
capable  of  being  changed  into  such  asphalt,  hence  the  bitumin- 
ouB  limestones  may  well  be  classed  with  the  asphalt-producing 
rocks. 

The  rather  light  color  of  some  of  these  masses  of  hard 
asphalt,  which  *have  all  the  properties  of  Uintaite  except  the 
deep  black  color,  suggests  the  question  whether  the  color  of 
asphalt  be  not  due  to  disseminated  fixed  carbon,  in  a  state  ap- 
proaching charcoal,  the  product  of  partial  oxidation,  more 
than  to  the  natural  color  of  the  hydro-carbons  proper,  I  b^an 
some  lixpwimotita  uiid  aiialyise;  tv  tlutcnuirii;  tiiU  point,  but  iLf 
work  is  incomplete.* 

4,  Ou0ow  or  Overjl-ow  Aaphalt. — Under  this  class  are  lit're 
included  all  forms  of  asphalt  that  have  oozed  out  of  the  rock 
that  originally  contained  them.  Some  of  these  bad  the  black 
color  liefore,  others  have  acquired  it  since  the  outflow.  I 
leave  it  as  an  open  qneation  whether  these  oils  were  true 
asphalts  before  acquiring  the  black  color.f 

Mineralogically  the  outflow  asphalts  present  the  same  diffi- 
culties of  cTaBsifi cation  aa  do  the  petroleums.  There  are  per- 
haps a  dozen  different  grades  in  Utah  and  Colorado  that  migbl 
he  described  as  distinct  minerals  by  those  on  the  alert  for  new 
species.  The  more  important  generic  terras  (tbey  are  all 
generic  rather  than  specific)  are  the  following:  1.  Maltha. 
aspbaltic  tar,  brea,  mineral  tar  or   pittasphalt.     Here  are  iu- 
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dened  outflow  is  known  as  outflow  or  overflow  asphalt. 
3  maltha  is  found  in  small  pools,  or  spread  over  the  ground 
often  penetrates  the  spaces  between  the  broken  rock  of  the 
18  or  sub-soil  in  a  complex  network  of  stringers,  small  veins 
.  sheets.  2.  Uintaite  or  Gilsonite.  A  brittle,  easily  soluble 
fusible  mineral.  3.  Wurtzilite,  a  shining,  tough  mineral, 
ible  and  soluble  with  great  difticulty.* 
7eologieal  Age  of  the  Deposits. — ^A  fissure  vein  of  wurtzi- 
is  reported  to  be  found  in  a  region  where  none  of  the 
S.  geological  maps  show  rocks  later  than  the  Jurassic  or 
T  Cretaceous,  and  the  same  is  true  of  one  area  of  asphaltic 
drock.  I  have  not  examined  these  deposits  and  leave  their 
an  open  question.  All  the  fields  of  sand  asphalt  that  I 
e  visited  are  plainly  of  Tertiary  age.  Most  of  them  are  in 
Green  River  beds,  some  may  be  m  the  upper  part  of  the 
satch,  and  the  thick  beds  found  in  the  Ashley  valley  appear 
)e  near  the  base  of  the  very  late  Tertiary  formation  marked 
Hayden's  maps  as  Uinta  and  on  that  of  Dr.  C.  A.  White, 
nth  Ann.  Report  Director  U.  S.  G.  S.,  87-88)  named 
>wn'8  Park.  Tlie  black  asphaltic  or  bituminous  shales  (marls) 
of  Green  River  age.  Tne  bituminous  limestones,  so  far 
[  have  observed  them,  are  of  Green  River  and  some  per- 
«  are  of  Upper  Wasatch  age.  The  outcrop  of  the  fissure 
18  of  uintaite  and  some  of  the  wurtzilite  are  in  the  Brown's 
•k  rocks  and  therefore  these  veins  were  opened  and  filled 
jr  the  Brown's  Park  epoch — obviously  in  case  of  outflow 
halt  we  have  to  determine  not  only  the  date  of  origin  of  the 
•J  bitumen  but  also  the  date  of  outflow.  These  fissure 
as  will  be  referred  to  again. 

The  Bituminous  Rocks  and  Coal  Beds, — In  one  place  in 
Ashley  valley  a  coal  bed  about  two  feet  thick  has  an  under- 
T  a  few  inches  thick,  and  that  rests  directly  on  the  asphaltic 
d  rock.  The  coal  is  a  fair  specimen  of  the  Tertiary  coals 
;he  region.     It  is  free  burning,  not  caking,  and  no  bitumen 

For  a  full  description  of  Uintaite  and  Wurtzilite  and  their  relations  to  alber- 
grabamite  and  olateriie,  see  article  by  Professor  W.  P.  Blake,  Proceedings  of 
trican  Institute  of  Mining  Engineers,  Feb.  1890.  I  have  recently  learned  of 
adity  where  the  wurtzilite  is  said  to  soften  under  heat  so  as  to  be  drawn  out 
stringy  that  tend  to  shorten.  This  grade  is  very  near  elaterite  in  behavior 
perhaps  is  identical  with  it.  The  Ule  Indians  have  camped  on  almost  all  the 
lite  and  wurtzilite  in  this  country.  The  valley  of  the  DuChesne  River,  also 
9  of  the  Lower  White  and  adjacent  parts  of  the  Green  River,  are  crossed  by 
Brous  fissure  veins  of  these  minerals,  though  wurtzilite  is  more  often  found 
1  out-flow  product  in  the  talus  and  scattered  drift  than  in  fissures.  Both 
zilite  and  uintaite  are  found  in  a  great  variety  of  situations.  It  is  uncertain 
ther  the  hardening  of  the  outflow  into  one  or  the  other  of  these  minerals  is 
more  to  original  differences  in  the  chemical  composition  of  the  outflows  or 
e  physical  conditions  under  which  they  hardened  after  the  outflow.  I  have 
leard  of  both  minerals  being  derived  from  the  same  outflow.  So  far  as  at 
»nt  known  the  facts  seem  to  indicate  that  they  are  derived  from  malthas  of 
rent  chemical  composition. 
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has  invaded  it  or  its  under-day  from  the  asphalt  layer.  The 
coal  nbouDds  in  lumps  of  yellow,  partially  miDeralized  roein, 
just  like  most  of  the  softer  coals  of  the  monntain  region. 

In  the  Wasatch  and  Roan  Mountains  I  have  in  several  nlacee 
found  coal  seams  up  to  eighteen  incheB  in  thickness  with  the 
bitnminons  Green  River  shales  and  limestones  both  above  and 
helow  tlieni.  Here  the  conditions  for  the  formation  of  coal 
and  asphalt  rocks  alternated. 

Both  the  bitnminons  rocks  and  the  coal  beds  are  snbstantiallv 
conformable  to  the  bedding,  and  both  are  somewhat  lenticular. 

A  few  years  ago,  Mr.  C.  A.  Ashburner  proposed  as  a  basis 
of  classification  of  coals  the  ratio  of  fixed  carbon  to  volatile 
carbonaceous  matter.  As  I  understand  it  the  term  "filed 
carbon"  does  not  assume  that  all  the  carbon  thos  desi^ated 
exists  in  the  coal  as  carbon  uncombined  with  hydrogen,  etc.. 
but  refers  to  the  residue  after  destructive  distillation.  It 
remains  to  be  determined  how  far  this  test  will  apply  to  the 
asphalt.  In  western  Colorado  and  Utah  we  find  in  the  car 
bonaceons  minerals  all  proportions  of  lixed  carbon  from  one  ot 
two  per  cent  iu  the  maltha  ii])  to  eighty-seven  or  more  in  the 
anthracite.  The  soft  asphalts  grade  by  insensible  degrees  into 
the  hard  asphalts  (at  least  in  their  physical  characteristics)  anil 
these  in  turn  into  jet,  the  cannel  coals  and  bituminous  shales, 
and  these  again  into  the  caking  coals,  etc.  Dana's  Text-book  of 
Mineralogy  approves  the  theory  that  coals  are  chiefly  composed 
of  oxygenated  hydro-carbons.  In  the  Rocky  Mountain  region 
not  only  must  a  scientific  classification  of  the  coals  take  accoant 
of  the  oxygen  contained  in  the  different  coals,  but  the  indus- 
trial classihcation  must  do  the  same  also.  Many  coals  of  this 
region  when  once  intliimed  ""ill  (ymtiTiue  to  Imrn  for  a  loni: 
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lij  partial  exploration  does  not  yet  warrant  discnesion  of  all 
he  questions  at  issue  but  certain  points  may  here  be  mentioned. 

From  Professor  Orton's  report  above  cited  I  extract  a  few 
tatements  of  theories. 

Dr.  T.  Sterry  Hunt  counts  limestones  the  principal  source 
>f  petroleum  and  denies  that  it  has  been  produced  by  distilla- 
ion  from  bituminous  shales,  while  Dr.  J.  S.  Newberry  finds 
n  the  shales  the  main  source  of  oil  and  gas,  and  vigorously 
►pposes  the  view  that  limestones  are  ever  an  important  source 
)i  either.  Professors  J.  P.  Lesley,  I.  C.  White  and  J.  D. 
iV^hitney  favor  the  theory  of  the  origin  of  petroleum  by  the 
)rimary  decomposition  of  organic  matter,  while  Dr.  Newberry 
md  Professor  S.  F.  Peckham  favor  theories  of  secondary  distil- 
ation.  Hunt  regards  petroleum  as  indigenous  when  in  lime- 
stones, and  adventitious  in  the  other  rocKs,  as  sandstones  and 
jonglomerates. 

Since  petroleum  and  asphaltum  appear  to  have  so  nearly  the 
tame  origin,  it  is  permissible  to  discuss  them  in  the  same  con- 
lection,  especially  as  Dr.  Newberry  has  referred  the  origin  of 
he  Utah  asphalt  to  the  marine  (jretaceous  black  shales  (Fox 
Hills  and  Colorado  groups).* 

Regarding  the  above  stated  theories  we  remark : 

1.  Certain  Tertiary  limestones  of  Colorado  and  Utah  now 
contain  considerable  solid  bituminous  matter  and  once  con- 
ained  a  liquid  substance  which  has  oozed  out  of  the  rock  into 
tavities  where  it  became  changed  to  hard  asphalt.  The  asphalt 
occurs  as  a  great  number  of  rather  small  masses  and  its  aggre- 
gate quantity  is  great.  This  sort  of  rock  is  well  exposed  in  the 
'emarkable  cafions  of  Parachute  Creek,  Col. 

2.  Professor  Whitney  refers  the  Tertiary  bituminous  minerals 
)f  California  to  organic  matter  derived  from  marine  infusorians 
quoted  from  Orton).  In  the  Tertiary  lakes  of  the  region  under 
iescription  we  might  expect  there  would  be  drift-wood,  many 
liatoms  and  fresh-water  algae  and  possibly  infusorians  enough 
jo  contribute  considerable  organic  matter  to  the  limestones, 
[rrespective  of  this  source  of  organic  matter,  there  are 
yreat  numbers  of  fossil  molluscan  shells  in  the  limestones, 
flence  although  the  lime  rocks  are  in  part  non-fossiliferous 
md  in  part  may  be  composed  of  lime  precipitated  from  solu- 
ion,  yet  we  seem  here  to  find  evidence  of  the  presence  of 
>rganic  matter  within  them  sufficient  to  account  for  the  in- 
ligenous  origin  of  petroloidal  bitumens  according  to  Hunt's 
;heory.t 

3.  The  black  bituminous  shales  are  also  to  be  considered  in 
;hi8  connection.     Certain  layers  are  quite  rich  in   bitumens. 

♦  Dr.  Newberry  as  quoted  by  Salt  Lake  Jouraal  of  Commerce. 
f  This  hypothesis  is  streDgihened  by  the  highly  probable  indigenous  origin  of 
be  petroleum  of  the  Trenton  limestone  in  Ohio  and  Indiana,  Orton,  op.  cit 
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They  are  distribnted  through  several  handred  feet  of  alulei 
(or  marls)  and  occasional  limestones.  Each  stratum  bears  iu 
own  proportion  of  bitntiien  over  large  areas.  The  richer  BtnU 
are  not  those  nearest  the  limestones  and  they  alternate  wili 
low  grade  strata.  There  are  no  veins  or  highly  bituminized 
tracts  leading  frum  the  liinestones  out  Into  the  shales,  nor  ant 
other  field  evidence  that  after  deposition  the  shales  vm 
bituininized  from  the  limestones.  Indeed  these  black  ehalec 
are  a  very  impenetrable  rock.  When  veins  of  asphalt  cross 
both  liinestones  and  shales  the  asphalt  has  in  no  puce  that  I 
have  discovered  passed  out  into  the  shales  and  snper-cfaai^ 
them. 

Certain  of  the  shale  strata  contain  ^reat  nnmbers  of  imprintf 
of  deciduous  leaves,  water  plants  ana  insects,  larvie,  etc.  The 
carbonaceous  matter  of  the  leaves  is  not  in  the  form  of  asphalt, 
but  of  charcoal  or  free-burning  coal  and  contains  quite  a  la^ 
proportion  of  fixed  carbon.  It  is  thus  proved  that  certain 
strata  contained  a  large  amonnt  of  organic  matter.  As  abon 
noted  there  are  occasional  thin  coal  beds  in  the  midst  of  the 
bituminous  shales,  but  they  do  not  contain  more  than  the 
average  quantity  of  bitumen  found  in  the  coals  of  the  period. 
Evidently  the  conditions  for  the  production  of  coal  are  very 
different  from  those  that  produce  oil  and  asphalt,  bat  the  snf- 
prising  thing  is  that  wc  do  not  find  the  two  conditions  passing 
mto  one  another  by  ti-ansitionary  steps. 

Thus  there  is  no  proof  that  the  shales  were  bitnminised  from 
-  the  limestones  and  the  coals  have  only  their  indigenons  bitumen 
and  volatile  carbonaceous  matter.  So  far  as  I  have  observed, 
the  richer  bituminous  shales  and  asphaltic  sand  rocks  are  mostlv 
siliferous  and  there  is  no  direct  evidence  of   t]ie  furnier 
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« 

iiese  rocks  it  may  have  been  either  by  a  ^neral  diffusion 
tirongh  the  inter-granular  spaces,  or  it  may  have  been  along 
ractnres  or  fissures. 

Now  the  coal  of  this  region  is  no  more  bituminous  than  the 
^aramie  and  Tertiary  coals  of  other  coal  fields  outside  of  the 
sphalt  area.  The  Laramie  sandstones  of  the  asphalt  area  are 
ast  like  those  found  outside  that  area.  Nobody  has  yet  re- 
ported even  one  deposit  of  bituminous  rock  of  Laramie  age. 
t  is  incredible  there  should  have  been  any  general  diffusion  of 

?nid  bitumens  through  so  great  a  thickness  of  various  kinds 
rocks,  without  some  of  the  bituminous  matter  remaining  in 
hose  rocks,  even  after  they  have  drained  for  ages.     Moreover, 

do  not  see  why  such  a  supposed  ascension  of  petroleoids 
honld  be  confined  to  the  area  of  the  Tertiary  lakes  instead  of 
•eing  spread  over  all  the  extensive  area  covered  by  the  black 
hales.  At  Florence,  Colo.,  most  of  the  oil  is  said  to  be  con- 
ained  in  a  stratum  of  sandstone  situated  in  the  midst  of  the 
^lack  shales,  and  if  the  overylying  shale  and  the  Laramie  rocks 
lave  been  suflScient  to  keep  down  the  oil  without  a  general  dif- 
usion  into  the  Laramie  sandstones,  how  could  happen  such  an 
(normous  upward  diffusion  in  the  region  of  the  Tertiary  lakes  ? 

On  the  other  hand,  it  may  be  urged  that  the  oils  of  the 
narine  black  shales  passed  up  along  great  fissures.  The  Ter- 
iary  lakes  in  question  lay  along  the  southern  base  of  the  Uinta 
fountains  and  eastern  base  of  the  Wasatch.  It  is  the  conclu- 
ion  of  Powell,  King  and  others  that  the  Uinta  uplift  began 
it  the  close  of  the  Laramie  period  and  continued  through 
Tertiary  time.  Great  fissure  veins  of  Uintaite  now  cross  the 
«gion  south  of  the  Uinta  Mountains  and  the  Yampa  plateau. 
Che  fissures  cut  down  through  the  Brown's  Park,  Bridger  and 
Jreen  River  beds,  and  nobody  knows  how  much  deeper.  The 
act  that  they  are  situated  within  30  miles  of  where  a  great 
aountain  range  was  pushed  up  to  say  nothing  of  the  Wasatch 
iplift  to  the  west,  makes  it  highly  probable  they  go  down 
o  profound  depths  and  intersect  the  marine  Cretaceous 
hales.  Did  the  asphalt  or  any  portion  of  it  come  up  through 
hese  fissures?  The  details  of  an  hypothesis  to  this  effect 
vould  be  about  as  follows:  The  petroleum  of  the  black  shales 
>a68ed  up  through  the  fissures  and  floated  on  the  surface  of  the 
vater  of  the  lake.  Here  it  gradually  oxidized  or  at  least  thick- 
jned,  acquired  a  black  color  and  became  tarry  asphalt.  The  wind 
)lew  it  upon  the  sandy  shores  where  it  penetrated  the  sand. 
)ff  shore  the  mud  contained  in  the  water  became  entangled 
n  the  asphalt  and  sunk,  carrying  its  sticky  burden  with  it.* 
Sind  even  if  we  assume  the  indigenous  origin  of  the  bitumens 

♦  See  description  by  Dr.  Joseph  Leidjr  of  the  action  of  the  mud  of  the  Schuyl- 
dll  RiTer,  on  gas  tar.    Orion,  op.  cit. 
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with  it  Tlio  concretions  must  have  had  their  intergranatar 
spaces  filled  with  cement  before  the  asphalt  penetrated  the 
pores  of  the  sand  around  them. 

A  few  miles  farther  west  I  found  an  asphaltic  sand  rock 
much  cross-bedded.  Alternate  layers  about  half  an  inch  thick 
contained  more  and  less  asphalt  so  that  the  rock  was  crossed 
by  darker  and  lighter  bands.  The  size  of  the  grains  of  sand 
was  so  nearly  uniform  in  the  different  layers  that  it  did  not 
seem  probable  some  of  the  layers  were  originally  more  poroas 
than  others.  A  better  interpretation  is  that  the  layers  were 
charged  from  the  surface  during  deposition  of  the  rock,  and 
the  same  causes  that  produced  the  intermittent  deposition 
charged  the  layers  unequally. 

while  here  asphaltization  was  probably  cotemporaneons 
with  deposition,  in  the  case  of  the  concretionary  rock  above- 
mentioned,  asphaltization  did  not  take  place  till  after  the 
cementing  of  the  concretions.  Geologically  this  may  not  have 
been  long.  At  Thistle,  Utah,  a  sand  rock  containing  molluscaii 
shells  is  charged  with  asphalt  which  has  also  filled  the  interiore 
of  the  shells.     Here  the  time  of  asphaltizing  is  not  certain. 

In  general  the  small  amount  of  tine  sediment  and  calcareoas, 
ferruginous  or  siliceous  cements  occurring  with  the  asphalt  in 
the  pores  of  the  sand  rock,  favors  the  hypothesis  that  the  roek 
was  charged  with  asphalt  contemporaneously  with  or  soon  after 
deposition,  and  before  it  had  time  to  become  cemented  into  a 
compact,  solid  rock.  All  the  richer  sand  asphalt  readily  softens 
under  heat,  proving  it  has  practically  no  cement  but  asphalt 
Apparently  it  is  the  presence  of  the  as])halt  that  has  kept  the 
other  cements  out.  Moreover  I  do  not  see  how  asphaltization 
uf  scdiiiieuts  can  in  geiiernl  !«?  >ri  iie;n'l_v  pLirallel    with  stniliti- 
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Wasatch.  The  heat  of  these  revolutions  came  respectively  too 
jarly  and  too  late,  and  I  failed  to  find  volcanoes  very  near. 
The  fact  that  hard  paraffines  result  from  the  fractional  distilla- 
don  of  petroleum  and  from  the  destructive  distillation  of  coals 
ind  asphalts  would  seem  to  make  it  probable  the  Wasatch 
paraffines  resulted  from  such  distillations.  The  absence  of  any 
>ther  evidence  of  heat  from  the  locality  makes  the  presence 
>f  the  paraffines  more  noticeable.  The  question  arises,  why 
diould  here  be  found  the  waxy  paraffines,  while  all  around  so 
^reat  quantities  of  asphalt  were  produced  in  rocks  of  nearly  if 
lot  the  same  age  ?  Evidently  a  great  amount  of  work  remains 
X)  be  done  before  we  c^n  scientifically  distinguish  between  the 
processes  which  severally  resulted  in  the  formation  of  coal,  the 
)ily  and  buttery  paraffines,  and  the  asphalts.  While  studying 
;he  subi'ect  a  theory  of  a  somewhat  speculative  nature  has 
)ccurrea  to  me.  Paraffines  have  been  found  in  the  turpentine 
)f  pines.*  Paraffines  are  among  the  most  stable  of  the  organic 
H>mpounds.  The  hypothesis  is  suggested  whether  this  waxy 
paraffine  of  the  Wasatch  region  may  not  be  due  to  that  con- 
;ained  in  the  turpentine  of  conifers,  and  that  this  is  a  residuum 
>f  primary  decomposition,  all  that  remains  of  the  original  tur- 
pentine, tne  more  unstable  substances  having  disappeared.  It 
is  a  fact  that  in  the  Kooky  Mountain  region  the  coal  contains 
I  large  quantity  of  partially  mineralized  resin.f 

Now  if  resm  (dried  and  oxidized  turpentine)  has  so  long 
resisted  decomposition  and  mineralization,  it  becomes  by  no 
neans  improbable  that  if  a  turpentine  contained  paraffine,  that 
7ery  refractory  substance  might  remain  after  all  the  other 
ngredients  haa  become  decomposed  and  changed  either  to  coal 
>r  to  petroleoids,  or  indeed  oxidized  to  carbonic  acid.  This 
juestion  is  evidently  part  of  a  larger  question :  how  far  were 
;ne  hydro-carbons  of  the  carbonaceous  minerals  formed  within 
Jie  living  organisms  from  which  these  minerals  were  derived  ?:|: 

*  Watt's  Dictiooarj  of  Chemistry,  III  Supplement,  art.  paraffine.  Also  Roscoe 
ind  Schorlemmer,  Cbem.,  vol.  iii.  pt  1,  p.  140. 

f  According  to  Messrs.  Remington  and  Gilson  of  Salt  Lake  City  there  is  in 
7tah  a  bed  of  fossil  resin  several  feet  in  thickness.  It  is  still  soluble  in  most 
idTeDts  of  resin,  but  will  no  louger  unite  with  linseed  oil  to  form  a  tough  varnish. 
[  havd  seen  specimens  of  the  roiueral  but  have  not  made  a  field  examination  of 
lie  deposit  and  do  not  know  its  geological  age. 

X  Mr.  G.  P.  Wall,  quoted  by  Orton,  p.  600,  gives  a  graphic  picture  of  vegetable 
natter  partially  changed  to  asphalt.  The  description  appears  to  refer  to  cellulose 
ind  woody  fiber.  What  would  become  of  the  more  soluble  products  of  the  plant. 
Rich  as  the  oils,  resins,  paraffioes  and  other  non-oxygenated  hydro-carbons? 
They  appear  to  be  able  to  withstand  decomposition  longer  than  the  cellular  tissues, 
ind  would  certainly  be  dissolved  in  any  petroleoid  produced  from  those  tissues. 
SVould  they  simply  enter  into  solution  or  into  a  chemical  synthesis?  These  and 
)ther  similar  questions  need  to  be  solved  before  we  can  trace  the  relationships  of 
he  coals,  petroleums,  asphalts,  fossil  resins  and  acids,  hard  paraffines,  etc. 

Colorado  Springs,  March  3,  1891. 

Am.  Joim.  Soi. — Third  Sebies,  Vot^.  XLTT,  No.  248.— August,  1891. 
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Abt.  XIV. — Photographic  Investigation  of  Solar  Promi 
nences  and  their  Spectra:  by  Gbobob  E.  Hale.  With 
Plate  VIII. 

It  is  now  many  years  since  any  important  advance  fatu  been 
made  in  onr  knowledge  of  the  solar  prouiinencee.  With  the 
exception  of  spectrum  photographs  made  at  the  Siam  and 
Egyptian  eclipses,  and  the  momentary  glimpses  of  mysterioDt 
"white  prominences"  daring  totality,  almost  nothing  tias. been 
added  to  tlie  collection  of  facta  gathered  nearly  twenty  yeut 
ago.  After  Professor  Tonng's  vigorons  attack  npon  the  chro- 
mosphere and  prominence  Unes  at  Mount  Sherman  and  else- 
where, other  investigators  seem  to  have  been  impressed  with 
the  belief  that  no  farther  additions  could  be  made  to  the  long 
catalogue  of  lines  drawn  up  by  our  moet  skillful  solar  observer, 
and  tlie  spectroscopic  side  of  the  matter  waa  allowed  to  rest, 
though  a  continuous  record  has  been  kept  of  the  forms  of 
chromosphere  and  prominences.  While  it  is  probably  tme 
that  the  most  persistent  watching  would  be  required  to  in- 
crease the  number  of  known  lines  in  the  visual  spectrum,  it  is 
rather  singular  that  the  importance  of  photograpny  in  a  stodj 
of  the  ultra-violet  liiis  bt'en  entirely  overlooked.  While  tbe 
positions  of  spota  on  the  sun's  disc  are  daily  recorded  by  pbo- 
tography,  the  same  cannot  be  said  of  the  chromosphere  and 
prominences,  and  even  in  investigations  of  the  extremely  com- 
plicated spot  spectra,  photography  has  been  but  little  employed, 
experimeots  with  it  not  having  proved  very  snccoesful. 

It  is  unnecessary  here  to  urge  the  importance  of  nsiiig  plio- 
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lUodion  ^ate,  and  given  an  exposure  of  nearly  four  minutea* 
rof esBor  i  oung  has  very  kindly  shown  me  silver  prints  from 
le  best  original  negatives ;  in  these  only  the  general  outline  of 
le  prominence  can  be  faintly  seen.  This  is  due  partly  to  a 
uall  displacement  of  the  image  during  the  exposure,  as  the 
>lar  axis  of  the  telescope  was  slightly  out  of  adjustment. 
he  nebulous  character  of  G'  makes  its  use  objectionable,  but 
16  serious  difficulty  with  this  line  lies  in  the  employment  of  a 
ide  slit.  The  brilliancy  of  the  background  of  atmospheric 
»ectrum  increases  very  rapidly  when  tne  slit  is  opened,  while 
16  prominence  itself  grows  no  brighter.  Thus  the  contrast  in 
photograph  is  greatly  decreased,  and  the  general  illumination 
:  the  field,  due  to  diffused  light  from  the  grating,  or  fluores- 
jnce  of  the  prisms  or  object  glasses,  conspires  to  hide  all 
jtails  of  structure.  For  these  reasons  the  method  has  never 
>6n  employed  in  practice. 

It  is  beyond  the  scope  of  the  present  paper  to  describe  the 
krious  methods  of  prominence  photography  proposed  by 
raun  in  1872,  Lockyer  and  Seabroke  in  the  same  year,  Lohse 

1874  and  1880,  Zenger  in  1879,  and  Janssen  in  1881.  Suf- 
le  it  to  say,  that  in  no  instance  was  any  success  attained 
fficient  to  bring  the  method  into  practical  use,  and  in  1889  it 
18  impossible  to  see  where  any  advance  whatever  had  been 
ade  beyond  the  brief  experiments  of  Professor  Young  with 
dmple  open  slit. 

In  undertaking  an  investigation  of  the  subject  in  the  Burn- 
er of  the  year  fast  named,  the  writer  devised  two  methods  of 
complishing  the  desired  result  with  a  narrow  slit,  for  it  was 
ident  that  with  any  line  in  the  prominence  spectrum  as  then 
lown,  the  use  of  a  wide  slit  could  not  have  more  than  an 
tremely  limited  application.  In  the  first  method  the  rate  of 
6  driving  clock  of  the  equatorial  is  so  changed  that  the  sun's 
lage  driits  at  right  angles  across  the  slit  of  a  spectroscope  of 
gh  dispersion.  At  the  focus  of  the  observing  telescope  (of 
^ual  focal  length  with  the  collimator)  a  photographic  plate 
oves  at  the  same  speed,  at  right  angles  to  the  axis  of  the  tele- 
ope,   and  in  the  direction  of  dispersion.     A  narrow  slit  just 

front  of  the  plate  allows  only  the  line  in  use  to  fall  upon  it, 
id  thus  prevents  fogging.  It  will  be  easily  seen  that  fresh 
>rtions  of  the  plate  will  be  uncovered  as  the  prominence 
ifts  across  the  slit,  and  the  result  will  be  a  latent  image  upon 
6  photographic  plate. 

Tne  second  method  exactly  reverses  the  operations  of  the 
•St.  The  sun's  imlEige  is  held  in  a  fixed  position  by  the  driv- 
g  clock  of  the  equatorial,  while  the  plate  at  the  focus  of  the 
serving  telescope  is  also  stationary.  The  slit  of  the  spectre- 
ope  is  caused  to  move  steadily  across  the  end  of  the  colliraa- 

*  Journal  Franklin  Institute,  Oct.  3,  1870. 
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tor,  while  a  correaponding  slit  before  tbe  plate  moves  at  such 
a  rate  that  the  line  in  use  passes  constantly  throQf^h  it. 

Both  of  these  methods,  together  with  the  experiments  or- 
ried  on  witli  tlie  lirst  at  the  Harvard  Observatory  and  more 
recently  at  tlie  Kenwood  Physical  Observatoir,  have  been 
already  described.*  and  in  the  present  paper  I  wish  to  consider 
especially  tlie  results  obtained  in  Chicago  within  tlie  last  few 
weeks. 

In  my  earliest  attempts  at  photographing  the  prominenee 
spectrum  I  was  tnucli  surprised  to  iind  narrow,  sharp,  bright 
lines  running  up  through  the  center  of  the  dark  Bbades  of 
both  n  and  X,  apparently  to  the  very  top  of  every  prominence. 
At  Mount  Sherman  in  1872  Professor  Young,  whose  eyes  in 
exceptionally  sensitive  to  the  sliorter  wave-lengths,  had  be«i 
able  to  see  similar  reversals  of  H  and  K,  but  the  difficulties  of 
observation  were  so  great  tliat  he  considered  it  probable  thai 
the  whole  width  of  each  dark  shade  at  H  and  K  was  reversed, 
tlie  eye  being  able  to  perceive  only  the  maximum  of  intensi^ 
at  the  center.  Once  or  twice  he  noticed  a  bright  line  esh- 
mated  to  be  about  one  division  of  Angstrom's  scale  below  tiie 
central  reversal  of  H,  hut  with  the  utmost  precantions  tlie  e?e 
was  incapable  of  any  accurate  determinations  of  poeitioa  or 
appearance  in  tliis  part  of  the  spectrum.  But  witli  high  dis- 
persiou  and  care  iu  manipulation  the  photographic  plate  meet; 
with  no  difficulties,  and  the  tines  are  obtained  with  ease.  Fig. 
1  of  Plate  VIII  shows  the  reversals  photographed  with  a  radiil 
slit,  while  for  the  negative  used  in  making  fig.  2  tbe  slit  wa> 
parallel  to  a  tangent  at  the  limb,  and  about  30"  from  it.  All 
of  tlif  AjriireH  were   iii;\i]c  iliructly  t'rnin  tht^  original  negati 
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to  a^ree  in  position  with  narrow  dark  lines  at  the  center  of  the 
lark  shades.  Above  in  the  ultra-violet  the  photographs  bring 
3ut  three  new  lines,  which  there  are  good  reasons  to  regard  as 
the  first  three  lines  of  the  hydrogen  stellar  series,  though  their 
wave-lengths  have  not  been  determined  as  yet.  The  lowest  of 
the  three,  which  probably  corresponds  with  the  line  called 
hydrogen  a  in  Dr.  Hnggins's  map,  has  occasionally  been 
glimpsed  in  the  prominence  spectrum  by  Professor  Youngs 
ind  its  identity  can  now  be  certainly  determined  for  the  first 
time.*  But  the  photographs  have  also  revealed  a  new  and 
interesting  fact  On  all  the  plates  made  with  the  focus  of  the 
observing  telescope  accurately  adjusted  for  this  region,  the 
first  line  above  K  is  shown  to  be  a  fine,  sharp  double,  the  sepa- 
ration of  the  components  amounting  to  a  few  tenths  of  a  tenth- 
metre.  A  special  study  of  this  double  will  be  made  when  a 
\xeyr  photographic  object-glass  of  six  feet  focus  has  been  com- 
pletea  for  the  spectroscope.  The  fourth  order  spectrum  of 
our  concave  grating  of  ten  feet  radius  will  also  probably  be 
brought  into  service  for  work  on  the  solar  spectrum  in  this 
region. 

As  already  suggested,  the  two  upper  prominence  lines  are 
probably  coincident  with  two  lines  in  the  hydrogen  series. 
Only  one  of  these  appears  in  fig.  2,  where  it  is  very  faint. 
A  photographic  search  for  the  remaining  lines  of  the  series  is 
Qow  in  progress  at  the  Kenwood  Physical  Observatory. 

The  important  variations  in  the  relative  intensities  of  promi- 
nence lines  revealed  in  eclipse  photographs  have  been  partially 
oonfirmed  by  my  photographs.  So  far  only  one  prominence 
has  appeared  in  which  the  ultra-violet  hydrogen  lines  could  be 
photographed,  and  this  showed  a  corresponding  increase  of 
brilliancy  in  the  visual  spectrum.  But  the  H  and  K  reversals 
EU^  invariably  strong,  and  easily  photographed.  Preliminary 
measures  show  that  both  lines  probably  belong  to  calcium,  but 
this  is  yet  to  be  definitely  determined,  and  tne  origin  of  the 
broad  dark  shades  in  the  solar  spectrum  is  decidedly  uncertain. 
In  spite  of  the  constant  presence  of  the  H  and  K  bright  lines 
in  prominences,  it  can  hardly  be  supposed  that  the  substance 
producing  them  can  be  ordinary  hydrogen,  for  several  reasons. 
In  the  first  place  there  is  no  provision  lor  K  in  Balmer's  series, 
and  H  certamly  does  not  fall  in  the  position  of  the  hydrogen 
line,  as  it  is  about  1*5  tenth-metre  more  refrangible.  Again, 
H  and  K  do  not  follow  the  hydrogen  lines  in  tneir  intensity 

*  Great  ooofusion  is  likely  to  result  from  the  indiscriminate  use  of  the  letter  H 
for  "hydrogen  ^*  o*  for  Fraunhofer's  H  line,  and  also  in  applying  the  Greek  letters 
to  the  hydrogen  lines,  for  some  call  the  c  line  o,  and  others  apply  the  same  letter 
to  the  first  hydrogen  line  in  the  ultra-violet  It  is  desirable  to  adopt  some  com- 
mon nomenclatare,  and  probably  the  most  natural  is  to  begin  with  c,  aod  call  this 
line  "hydrogen  a,"  or  else  refer  to  each  line  by  its  wave-length. 
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rariations,  and  in  several  cases  I  hare  photograpbed  both  H 
and  E  expanded  and  reversed  over  epots  in  which  the  G  and  F 
lines  showed  no  signs  of  reversal.  Some  very  recent  photo- 
graphs suggest  the  possibility  that  the  substance  producing  the 
H  and  K  bright  lines  occasionallj  ascends  in  prominences  to  i 
higher  level  than  that  reached  by  hydrogen  itself  (observed 
through  C)  in  the  same  prominences,  and  the  "  white  prom- 
inences "  observed  and  photographed  at  several  eclipses  offer  a 
most  interesting  case  in  point.  At  the  Grenada  eclipse  of 
August  29,  1886,  Prof.  w.  H.  Pickering  found  in  bis  photo- 
graphs made  dnring  totality  a  spiral  prominence  150,000  miles 
high,  which  had  for  the  only  lines  in  its  spectrum  H,  K,  and  i 
faint  trace  of  an  ultra-violet  line  about  naif-way  between  K 
and  L.  There  was  also  a  brilliant  contipuons  spectrum  in  the 
visible  region,  bnt  as  the  usual  hydrogen  lines  were  ftbeest. 
Prof.  Taechini  was  unable  to  see  the  prominence  by  the  usnil 
spectroscopic  method,  either  before  or  after  totality.  In  his 
report  Prof.  Pickering  adds :  "  It  is  highly  probable  that  i 
great  number  of  prominences  pass  by  entirely  unnoticed,  be- 
cauric  we  rely  (wiely  upon  visual  instead  of  photographic 
methods  of  observation."*  At  the  present  moment  I  have  not 
the  remaining  literature  of  this  subject  within  reach,  and  must 
trust  to  memory  f<ir  a  few  more  references  to  siinnlar  phe- 
nomena. In  the  report  of  the  eclipse  of  Jan.  1,1889,  pubhahed 
by  the  Lick  Observatory,  Dr.  Swift  alludes  to  the  pecniiir 
white  amjcarauee  of  some  of  the  prominences,  and  ni  com- 
paring tue  prominences  photographed  at  the  same  eclipse  wiUi 
those  oltserved  on  the  same  day  at  Palermo,  P.  Taechini  not« 
rhe  presence  in  the  photographs  of  two  prominences  seen 
neither  at   Palermo  or   Rome,  and  conclnde*   that   thev  »Tf 
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When  the  sharp  and  brilliant  reversals  of  H  and  K  were 
liscovered  at  the  beginning  of  my  investigations  in  prominenoe 
photography  at  the  Kenwood  Physical  Observatory,  it  at  once 
»ecame  evident  that  a  considerable  advance  had  been  made, 
or  the  substitation  of  either  of  these  lines  for  the  less  re- 
rangible  hydrogen  lines  removed  the  serious  diflSculty  of 
photographing  the  longer  waves  of  the  C  region  with  short 
xpoeure.  But  apart  from  their  position  in  the  spectrum,  the 
[istinctive  peculiarity  of  H  and  K  specially  fits  them  for 
prominence  photography.  The  narrow  bright  lines,  instead  of 
leing  superposed  on  a  brilliant  continuous  spectrum,  as  is  the 
ase  with  all  of  the  other  prominence  lines,  lie  in  the  center  of 
)road,  dark  bands,  where  the  troublesome  light  of  the  atmo- 
phere  is  missing.  Thus  both  slits  used  in  my  apparatus  for 
>hotographing  the  prominences  could  be  much  more  widely 
opened,  without  the  diflSculty  of  fogging  and  loss  of  contrast 
experienced  with  the  other  lines.  The  result  was  that  the 
irst  photograph  made  in  this  way  proved  a  success.  The 
prominence  drifted  slowly  across  a  narrow  tangential  slit,  and 
:)ehind  the  second  slit,  at  the  focus  of  the  observing  telescope, 
i  small  cylinder  with  its  axis  parallel  to  the  slit,  carried  a  strip 
)f  sensitive  film  at  a  speed  equal  to  that  of  the  moving  solar 
mage.  A  smooth  and  uniform  motion  of  the  cylinder  was 
produced  by  a  small  clepsydra.  The  photograph  showed  the 
form  of  the  prominence  very  well,  and  with  considerable  con- 
:ra6t.  It  was  then  concluded,  on  account  of  the  great  width  of 
:he  dark  shades  at  H  and  K,  that  for  prominences  of  not  too 
^reat  size  (the  image  of  the  sun  on  the  slit  plate  is  two  inches 
n  diameter)  it  would  only  be  necessary  to  use  a  wide  slit,  and 
pve  a  short  exposure.  Fig.  8  shows  the  result  of  such  an  ex- 
periment. The  wide  slit  was  nearly  tangent  to  the  sun's  limb, 
>ut  did  not  quite  touch  it,  in  order  to  exclude  the  direct  light. 
Che  exposure  was  about  2  seconds,  and  the  dispersion  that  of 
he  fourth  order  of  a  14,438  grating.  As  an  object-glass  (3J 
nches  aperture  and  42J  inches  focus)  corrected  tor  the  visual 
•^on  was  used  in  the  observing  telescope  of  the  spectroscope, 
he  foci  for  H  and  K  are  slightly  different.  The  photograph 
s  about  twice  the  size  of  the  original,  and  was  enlarged  di- 
•ectly  from  it  in  the  camera. 

Although  this  method  will  serve  to  photograph  the  invisible 
3rominence8  it  is  evident  that  there  are  two  objections  to  it. 
tn  the  first  place  it  would  be  very  troublesome  to  find  invisible 
prominences,  and  to  do  so  it  would  be  necessary  to  take  a  large 
lumber  of  photographs  with  the  slit  tangent  at  various  points 
3n  the  limb.  This  could  be  remedied  by  using  a  curved  or 
ring  slit.  Again,  prominences  surpassing  a  certain  size  could 
not  be  photographed,  though  for  single  narrow  prominences 
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reaching  to  a  conBiderable  elevation  it  wonld  be  desirable  to 
make  toe  direction  of  the  elit  coincide  with  the  direction  of 
the  longest  axis  of  the  prominence,  the  direct  light  from  the 
limb  beiue  excluded  by  a  small  strip  of  metal,  hiding  under 
the  slit.  To  overcome  all  of  these  diSicultiee  I  have  devised  a 
new  form  of  apparatus,  which  will  much  excel  the  lotatinf; 
cvlinder  in  ease  of  adJQstment,  and  allow  the  use  of  ordinarj 

flass  plates,  instead  of  the  celluloid  film,  which  decomposes^ 
ept  tor  any  length  of  time.  A  new  form  of  clepevdra,  of 
much  larger  size  and  with  an  improved  valve,  will  replace  the 
smaller  one  before  used.  The  eq^uatorial  is  also  to  be  supplied 
with  a  12  inch  photographic  object  glass,  and  a  new  tnbe 
parallel  to  the  old  one,  so  that  by  a  suitable  form  of  cell, 
either  object  glass  may  readily  be  used  on  either  tnbe,  as  the 
spectroscope  is  too  large  and  heavy  to  be  easily  moved.  The 
instrument  will  also  allow  eye  observations  through  the  C  line 
to  be  made  at  the  same  instant  that  a  photograph  is  exposed 
through  H  and  K,  and  this  will  be  important  in  comparisons 
of  the  form  and  extent  of  prominences  as  observed  through 
different  lines. 

Since  tlie  nbove  article  was  put  in  type,  it  baa  been  decided  to  add  anoUi^r 
illuatratiaa  (fig:ure  i),  which  shows  a  much  tu^r  promiaeoce,  and  ot  nub 
peculiar  shade  as  to  be  particularly  inlereBtiiig,  The  followiug  ia  the  rwati 
made  on  the  ohBcrvatory  journal:  "Chicago.  July  S,  1891,  23  hours  15  tninutee. 
promiDeDce  through  H  and  K.  Aa  ai  first  seen  proniinence  wai  low,  rhiug^d 
rapidly.  A  great  flame  shot  out  of  the  oentcr  about  80.000  miles  bigh  aod  lisled 
about  flfieen  mmutes  when  it  resumed  its  flnt  sbepe,"  Ae  shown  in  the  figure. 
a  low  portion  of  the  prominenee  is  seen  near  the  limb  of  the  sun.  This  rai 
what  was  first  observed.  The  high  portion  lasted  only  about  flfleen  minulea  tnd 
then  the  praniinence  returned  to  its  original  form  as  Bhowa  on  the  low  portioD  of 
the  negative.  ^ 

Brooklyn,  July  6,  1891. 
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mine,  and  a  microscopical  and  chemical  examination  of  the 
sinter,  both  confirm  this  hypothesia  It  is  therefore  necessary 
to  add  this  form  of  deposit  to  those  already  recognized  in  the 
classiiication  of  ore  bodies. 

As  bnt  little  is  generally  known  of  the  Mount  Morgan  mine 
a  few  notes  con(knsed  from  Dr.  Jack's  report*  are  inserted : 

This  remarkable  ore  deposit  forms  the  upper  portion  of  the 
hill  known  as  Mount  Mor^n,  whose  summit  is  about  500  feet 
above  the  surrounding  lowland,  and  is  some  1200  feet  above  sea 
level.  The  rocks  in  the  immediate  vicinity  of  the  mine  are 
bluish-gray  qnartzites  forming  part  of  a  much  disturbed  series 
of  beds  of  Carbonifero-Permian  age.  These  beds  are  inter- 
sected by  numerous  dikes  of  igneous  rocks,  mainly  rhyolite, 
and  intrusive  bodies  of  diorite  and  other  eruptives.  Reefs  of 
gold-bearing  quartz  are  common  in  this  area  of  metamorphic 
rocks. 

The  workings  of  the  mine  show  that  the  siliceous  sinter 
forms  a  surface  covering  upon  the  slopes  of  the  "  mount."  In 
such  situations  it  has  been  found  to  be  usually  without  gold, 
but  the  cup-shaped  mass  of  sinter  forming  the  central  core  and 
summit  of  the  hill  is  impregnated  with  brown  ironstone  carry- 
ing as  high  as  169  86  oz.  of  gold  to  the  ton. 

The  tunnels  driven  through  the  ore  body  at  various  levels 
show  that  the  sinter  though  generally  an  uubroken  mass  is 
sometimes  formed  of*  large  angular  blocks,  as  if  the  deposit 
had  been  shattered.  A  dike  oi  igneous  rock  now  thoroughly 
decomposed  and  kaolinized,  cuts  the  quartzites  and  extends 
upward  through  the  sinter.  There  is  no  hydrothermal  activity 
whatever,  in  the  vicinity  of  the  mine,  at  the  present  day, 
though  hot  springs  occur  in  other  parts  of  Queensland. 

The  sinter  which  Dr.  Jack  has  sent  as  representative  of  that 
forming  the  main  body  of  the  ore  deposit  he  describes  as  "  a 
very  light,  frothy,  spongy  or  cellular  rock,  so  light  from  the 
entanglement  of  air  in  its  pores  as  to  float '  in  water  like 
pumice."  In  thin  section  this  material  is  dark  between  crossed 
nicol  prisms ;  its  structure  and  general  appearance  is  that  of 
a  hot  spring  deposit,  though  no  sinters  quite, like  it  have  as  yet 
been  found  by  the  writer.  It  can  be  positively  stated  that  this 
material  is  not  a  pumice,  but  is  a  hot  spring  deposit.  The  anal- 
ysis No.  1  of  the  following  table  was  made  in  the  Laboratory 
of  the  U.  S.  Geological  Survey  by  Mr.  E.  A.  Schneider,  shows 
this  sinter  to  be  a  remarkably  pure  form  of  opal. 

Analysis  No.  II,  of  a  sinter  from  the  Yellowstone  Park,  was 
made  by  J.  E.  Whitfield  in  the  laboratory  of  the  U.  S.  Geological 

•  llouDt  Morgan  Grold  Deposits.  Second  Report  by  Robert  L.  Jack,  Oovera- 
nmit  Geologist,  Queensland,  Australia,  1889. 
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Survey,  and  No,  III.  from  Steamboat  Springs,  Nevada  (Wood- 
ward).* 

A  epecimen  of  the  auriferous  hematite  from  this  mine  poseesees 
a  stalactitic  structure,  and  must  have  formed  in  a  caveraons 
space  in  the  Binter.  Similar  siliceous  ironstones  are  formed 
auout  the  hot  springs  of  the  Yellowstone,  bj  the  oxidation  of 
the  cooled  overflow  waters  of  the  springs  as  they  drip  into 
cavities  and  holes  in  the  sinter  deposits, 

Atialj/»ia  of  Siiice<ms  Sinter, 
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Two  peculiar  specimens  of  the  earthy  portions  of  the  ore- 
mass  are  thus  described  by  Dr.  Jack  in  a  letter  to  the  writer. 
"  It  occurs  surrounded  b}'  siliceous  sinter  on  the  southern  slope 
ul"  t!n-  iHoiinlairi  H:,  fci't   ]n.Ti)fiidiciikrlv  bcnuiitli   t!ti-  siirf;iw, 


Chemistry  and  Physics.  169 

this  nature,  about  the  springs  on  the  northern  shores  of  the 
Yellowstone  Lake. 

It  has  long  been  known,  that  the  Steamboat  Springs  of 
Nevada,  are  surrounded  by  deposits  of  sinter  in  the  nssures  of 
which  ore  deposition  is  now  taking  place,  a  small  amount  of 

fold  being  found  in  these  contemporaneous  mineral  veins.* 
'he  Mount  Morgan  mine  is,  however,  the  only  hot  spring 
deposit  known,  that  has  been  found  to  contain  gold  in  com- 
mercially valuable  quantities. 

The  most  remarkable  hot  spring  district  of  the  world  is 
undoubtedly  that  of  the  Yellowstone  Park.  The  variety  of 
these  springs,  and  the  extensive  deposits  which  they  nave 
formed,  naturally  suggests  the  possible  existence  of  metal- 
liferous deposits.  Yet  a  careful  search  for  such  deposits  has 
been  made  for  the  past  eight  years,  by  the  members  of  the 
geological  survey  party,  under  Mr.  Arnold  Hague,  without 
bringing  to  light  a  single  case  of  this  sort.  Extensive  col- 
lections of  the  hot  spring  waters  and  of  the  hot  spring  deposits 
have  been  subjected  to  most  careful  analytical  examinations  in 
the  laboratory  of  the  Survey,  without  finding  even  a  trace  of 
the  precious  metals. 


SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  the  Chemistry  of  the  Secondary  Battery, — The  phe- 
nomena of  charging  and  discharging  a  secondary  cell  are  accom- 
f»anied  by  chemical  changes  in  the  electrodes  and  in  the  electro- 
yte,  attended  with  an  evolution  of  gas.  These  phenomena  have 
been  investigated  by  Cantor  for  the  purpose  of  ascertaining 
what  these  chemical  changes  are;  the  electrodes  and  the  electrolyte 
both  being  analyzed  before  and  after  charging  and  the  oxygen 
and  hydrogen  given  off  during  the  process  measured.  Some 
difficulty  was  found  in  ascertaining  directly  the  changes  in  the 
electrodes  ;  so  that  they  were  indirectly  determined  by  charging 
each  plate  of  the  cell  separately,  using  as  a  second  electrode,  a 
plate  whose  chemical  constitution  remains  unaffected.  Under 
these  conditions  any  change  which  takes  place  in  the  electrolyte 
must  be  due  solely  to  the  reaction  taking  place  between  it  and 
the  electrode,  including  the  gas  evolved.  Since  this  gas  can  be 
determined  and  also  the  change  which  has  taken  place  in  the 
composition  of  the  electrolyte,  it  is  evident  that  from  these  data 
the  change  taking  place  in  the  electrode  itself  can  be  ascertained. 
The  author's  studies  thus  far  have  been  confined  to  the  negative 
plate,  this  plate  consisting  of  a  sheet  of  lead  coated  with  a  mixture 

*  Becker,  Geology  of  the  Quicksilyer  deposits,  page  343. 
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of  lead  oxide  and  lead  salphate.  This  plate  is  made  to  ronn  the 
cathode  aod  a  plate  of  platinum  the  anode  in  a  solution  of  Balphuric 
acid.  The  following  are  the  results  obtained :  The  first  action  on 
the  plates  is  to  convert  the  lend  oxide  into  anlphate.  Then  the 
hydrogen  evolved  in  the  electrolysis  redaoes  tbis  lead  Halphste 
forming  metallic  lead  and  sulphuric  acid.  The  metallic  lead  thos 
freshly  reduced  attacks  the  sulphuric  acid,  evolving  hydrogen 
and  lorming  lead  sulphate  again ;  these  reciprocal  processes 
continuing  until  a  condition  of  equilibrium  is  reached  and  the 
cell  is  charged.  This  local  action  it  is  which  has  led  Streints  and 
others  erroneously  to  conclude  that  hydrogen  is  oooladed  in  the 
lead  plate. — Monatsb.  ix,  433;  J.  t'hem.  Soe.,  Ix,  514,  May, 
1891.  Q.  p.  B. 

2.  On  the  Dead  Space  in  Chemical  Jteaction*. — A  third  paper 
has  been  published  by  Liebkbicu  on  the  dead  space  in  chemical 
reactions.  The  appearance  of  this  dead  space  depeodfl  in  the 
view  of  the  author  upon  the  less  mobility  of  the  molecules  at  the 
surfaces  of  liquids;  a  fact  which  he  seems  to  have  proved  by  a 
series  of  interesting  esperiments.  From  this  it  follows  that  the 
surfaces  of  liquids  oppose  resistance  to  the  motion  of  solid  bodies 
against  them,  when  driven  by  a  alight  forCe,  in  the  same  way  as 
a  solid  wall  would  do.  Such  phenomena  may  be  produced  when 
one  liquid  is  allowed  to  rise  through  another  of  less  density,  id 
case  the  friction-coefficient  of  the  liquids  is  sufficiently  large. 
The  author  abundantly  shows  how  by  the  application  of  diBercDC 
meniscus-shaped  forms,  the  shape  of  the  entering  liquid  currents 
suffers  changes;  while  in  a  certain  sense  it  adapts  itself  to  them. 
In  this  way  phenomena  can  be  obtained  ^uite  analosons  to  those 
which  are  observed  in  the  dead  space  in  chemical  reactions. — 
Ber.  Ak.  Berl.,  1890,1239;  Ber.  Beri.  Chem.  G«.,  iiiv,  (Ref.) 
301,  April,  1B91.  o.  f.  b. 

3.  A    new    Reaction   of    Carbon    monoxide. — Bbbthelot  has 
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iminger^s  Report,  1873,  I,  part  III,  pp.  69-71;  and  the  lime- 
ne  considered  from  its  fossils  to  be  Trenton  or  some  adjacent 
wer  Silurian  strata.  It  was  inferred  by  Jackson  that  the 
lestone  underlies  the  sandstone  but  by  the  other  observers  that 
>verlie8  it  although  no  direct  contact  was  seen. 
Excavations  made  by  Mr.  Honnold's  party,  and  reported  by 
Qy  have  developed  the  contact  of  the  two  formations,  and  show 
it  the  two  form  a  synclinal  or  oblong  basin-shaped  fold,  with 
\  limestone  overlying,  and  in  direct  contact  with  the  sandstone. 
e  existence  of  this  fold  in  the  sandstone  as  well  as  in  the  lime- 
ne  removes  the  difficulty  previous  observers  have  had  in 
onciling  the  obviously  tilted  limestone  with  the  supposed 
rizoutal  sandstone,  and  proves  that  the  Eastern  sandstone 
30sed  here  is  of  Lower  Silurian  age  and  older  than  this  lime- 
•ne. 

A.t  the  point  of  contact  of  the  two  formations,  exposed  by 
savation,  the  sandstone  and  limestone  appear  to  be  comform- 
le,  and  they  are  seen  to  constantly  agree  in  dip  and  strike. 
le  contact  between  the  two  formations  is  abrupt,  without  any 
3s  of  passage,  although  the  upper  layers  of  the  sandstone 
atain  considerable  carbonate  of  lime  and  magnesia,  and  the 
ver  layers  of  the  limestone  much  silica. 

These  observations  are  considered  to  be  confirmatory  of  the 
nraonly  received  view  of  the  Potsdam  age  of  the  Eastern 
odstone ;  while  the  contorted  state  of  the  sandstone,  extending 
least  one  and  one-half  miles  west  from  the  limestone  locality, 
,y  have  weight  in  deciding  the  relative  age  of  the  Eastern 
idstone  and  the  Copper-bearing  rocks. 

^  careful  study  of  the  fossils  will  be  made  and  additional  field 
rk  done,  when  the  results  will  be  published  in  detail. 

Michigan  Mining  School, 
ighton,  Michigan,  July  3d,  1891. 

!.  Expedition  to  3It,  St.  Elias  in  the  summer  of  1890  by 
del  C,  RtisseU,  200  pp.  8vo,  with  20  plates  and  several  figures. 
The  third  volume  of  ihe  National  Geographic  Magazine  con- 
ns an  account  of  this  expedition  to  Mt.  St.  Elias  by  Mr.  Rus- 
I.  It  went  out  under  the  auspices  of  the  National  Geographic 
5iety  and  the  United  States  Geological  Survey.  Mr.  Mark  B. 
rr  was  the  topographical  assistant  in  the  survey,  and  Mr.  E.  S. 
smer  of  Washington,  a  volunteer  general  assistant.     Although 

summit  of  Mt.  St.  Elias  was  not  reached,  important  additions 
re  made  by  it  to  the  knowledge  of  the  glaciers  of  the  region 
i  highly  interesting  discoveries  regarding  its  geology.  The 
mations  recognized  are  (1)  sandstones  and  shales  about 
kutat  Bay,  and  westward  to  Icy  Bay,  which  Mr.  Russell  names 

Yakutat  system  ;  (2)  shales,  conglomerates,  limestones,  sand- 
nes,  etc.,  named  the  Pinnacle  system^  occurring  in  the  cliffs  of 
made  Pass,  5000  feet  above  the  sea-level,  and  along  the  north- 

and  western  borders  of  the  Samovar  Hills  on  the  borders  of 

Seward  glacier;  and  (3)  the  metamorphic  schists  of  the  main 
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St.  Eliaa  range.  The  limeatoae  or  the  second  of  these  forntatioos 
was  found  to  be  fossil  if  ero  as,  and  to  aSbrd  a  Pecten,  Mya  arm- 
aria, MytUuB  edulis,  Leda  fossa,  Macotna  inconapicua,  Cardium 
Itlaudicum,  Litorina  Atkana — species  that  are  now  living,  accord- 
ing to  Dall,  in  the  cold  waters  of  the  region.  The  age  ol  the 
beds,  is  therefore,  as  stated,  "  Pliocene  or  early  Pleistocene,"  The 
Yakutat  beds  are  regarded  as  probably  yoanger  than  those  of 
the  Pinnacle  system. 

The  uplifts  of  the  region  producing  the  mountains,  inclading 
St.  Elias,  are  consequently  referred  to  an  epoch  since  "  the  close 
of  the  Tertiary."  In  the  view  of  Mr.  RnsBell  "  the  soathern  fice 
of  Mt.  St.  Elias  is  a  fanlt-aoarp.  The  mountain  itself  is  formed 
by  the  upturned  edge  of  a  faulted  block  in  which  the  stratifi cation 
is  inclined  northeastward.  The  mountain  stands  at  the  intersection 
of  two  lines  of  displacement,  one  trending  in  a  northeasterly  and 
the  other  in  a  northwesterly  direction.  The  one  trending  north- 
westward extends  beyond  the  junction  with  the  northeasterly  fanlu 
The  point  of  union  is  at  the  pass  between  Mt.  St.  Elias  and  Ml. 
Newton.  The  upturned  block,  bounded  on  the  southwest  bv  a 
great  fault,  projects  beyond  the  northeasterly  fault.  It  is  this 
projecting  end  of  a  roof-like  block  that  forms  Mt.  St.  Elias." 

This  view  of  the  mountain  is  before  the  future  investigator. 
Another  view,  for  like  study,  is  the  possibility  that  St.  Elias 
existed  in  essentially  its  present  form  before  the  Quaternary,  and 
had  (along  with  the  country  about  it)  500U  or  more  feet  added  to 
its  elevation  above  the  water-level  at  the  time  of  the  uplift  of  the 
Quaternary  beds. 

3.  Olacier  scratches  south  of  the  ^•terminal  Moraine''^  in 
Western  Pennsi/loaina. — Messru.  P.  M.  Foshay  and  R.  R.  Hick, 
in  a' paper  in  the  2d  volume  of  the  Bulletin  of  the  Geological 
Society  of  America  (p.  467),  describe  and  figure  glacial  scratches 
observed   by  them  on  the  western    bluff  of  the   rock  gorge  uf 


Botany.  173 

38  cubic  yards,  or  755,756  cabic  yards  per  year,  or  53,784  cubic 
ards  per  linear  mile.  The  total  loss  from  the  three  sections  is 
Ated  at  32,233,030  cubic  yards. 

5.  Der  Fdoponne8  Versuch  einer  Landeskunde  auf  geologischer 
hrundlagey  nach  Ergebwissen  eigener  Reisen  von  Dr.  Alfred 
HiiiipPSON.  8vo.  Berlin,  1891.  (R.  Friedlander  and  Son.)  Part 
of  this  work  on  the  Geology  of  the  Peloponnesus,  extending  to 
72  pages,  is  accompanied  by  a  large,  colored  geological  map  and 
lany  profile  sections. 

III.  Botany. 

1.  Botanic  Gardens  in  the  Equatorial  Belt  and  in  the  South 
eas  [F^rst  Paper,'] — It  it  my  purpose  to  give,  in  the  following 
3tes,  some  account  of  the  more  important  Botanic  Gardens 
[sited  by  me  during  a  recent  journey.  The  tour  carried  me 
'om  Genoa,  through  the  canal  at  Suez,  to  Ceylon,  in  which 
)antry  P6radeniya  and  Hakgala  were  examined ;  thence  to 
delaide  in  South  Australia ;  Melbourne  and  Geelong  in  Victoria ; 
!obart  in  Tasmania ;  Dunedin,  Christchurch,  and  Wellington,  in 
ew  Zealand  ;  Sydney  in  New  South  Wales  ;  Brisbane  in  Queens- 
,nd  ;  Buitenzorg  in  Java ;  Singapore  in  the  Straits  Settlement ; 
&igon,  Hong  Kong,  and  Shanghai,  in  China ;  and  Tokio  in  Japan. 
Tith  the  exception  of  Shanghai  and  Tokio  the  visits  were  made 
',  favorable  seasons :  in  northern  China  and  in  Japan  the  spring 
as  not  far  advanced,  but  the  early  flowers  were  in  perfection. 
The  journey  was  undertaken  with  a  view  of  securing  from  the 
ttablishments  in  question  for  the  University  Museum  at  Cam- 
ridge,  specimens  illustrative  of  the  useful  products  of  the 
?getable  kingdom.  In  every  instance,  the  writer  met  with  a 
^rdial  reception  and  received  innumerable  courtesies,  for  which 
3  desires  to  thank  again  the  Directors,  Curators,  and  Superin- 
ndents  of  the  various  botanical  establishments.  Every  facility 
as  afforded  for  careful  inspection  of  the  workings  of  the 
ardens  and  Museums,  and  it  should  be  added,  of  the  educational 
Btitutions  with  which  some  of  them  were  connected. 
A  satisfactory  photographic  outfit  rendered  it  possible  to  sup- 
ement  the  collections  of  photographic  views  which  were  pur- 
lasable  at  most  points ;  so  that  the  series,  now  stored  in  the 
!useum  at  Cambridge,  may  be  regarded  as  one  of  the  largest  yet 
rought  together.  It  comprises  views  not  only  of  groups  of 
lants  both  in  gardens  and  in  their  wild  state,  but  of  individual 
ants  as  well.  Early  next  year  these  illustrations  will  be  acces- 
ble  to  visiting  naturalists. 

The  present  sketch  will  follow  essentially  the  route  outlined  in 
preceding  paragraph,  beginning  with  the  gardens  in  Ceylon. 
Pirddeniya  and  Hakgala,  {Ceylon), — After  the  deserts  of 
gypt  and  Arabia,  and  of  treeless  Aden  have  been  passed,  the 
aveller  comes  by  an  abrupt  transition  upon  tropical  luxuriance 
'  vegetation.    There  is  to  be  sure,  a  distant  glimpse  of  Socotra, 
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bot  iU  shores  are  too  far  away  to  yield  aaythiag  plainly  diBOenii- 
ble,  and  even  Minicoy,  an  island  lying  between  the  Maldivefl  and 
Laccadives,  ^it^es  only  a  faint  Buggestion  of  plant  lif&  Its  low- 
lying  land  IS  {ringed  with  scattered  coconnt  palms,  of  which 
later  one  sees  so  many.  Before  reachinji;  Ceylon  the  ship  psasea 
within  sight  of  the  southern  point  of  India,  bat  not  near  enoo^ 
to  show  what  it?  plants  are  like.  In  fact,  therefore,  the  arriTal 
in  the  harbor  of  Colombo  brings  a  surprise.  Coming  down  to 
the  shore,  and  extending  as  far  as  the  eye  can  reach  on  either 
side,  are  croolted  coconut  palms,  here  and  there  intermingled  with 
trees  having  foliage  of  the  deepest  green.  A  botanist  is  stmolt 
at  once  by  the  superb  capabilities  of  such  a  country  for  a  tropical 
garden.  These  capabilities  were  not  overlooked  by  the  Dutch, 
who  succeeded  the  Portuguese  in  possession.  A  Botanic  Garden 
was  founded  by  them  at  Slave  Island  in  Colombo,  but  when  the 
Dutch  were  driven  out  by  the  British  it  fell  into  neglect.  There 
wa«,  however,  at  this  period,  an  eicelleut  garden  connected  with 
the  country  place  of  the  first  English  Governor,  near  Colombo, 
which  at  the  begining  of  this  century  was  under  the  charge  of 
a  naturalist,  who  gave  it  somewhat  the  character  of  a  botanical 
garden. 

In  1810,  Sir  Joseph  Banks  sketched  the  plan  for  a  Botanical 
Garden  in  Slave  Island,  Colombo,  and  succeeded  in  tranaferring 
thither  from  Canton,  Mr.  Kerr,  who  became  its  chief.  According 
to  the  work  from  which  I  have  derived  these  facta,  the  Slave 
Island  garden  was  found  subject  to  floods,  and  consequently  the 
establishment  was  moved  to  Kalutara.  One  finds  here  and  there 
in  Colombo  traces  of  the  old  occupancy  remaining  in  the  names 
of  some  of  the  streets,  "  Kew  "  for  instance.  From  Kalutara  the 
garden  was  transferred  in  1821  to  its  present  site.  Sinoe  that 
lime  the  large  garden  has  established  four  branches,  in  order  to 
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ising  beauty.     Above  the  garden  is  a  frowning  doable  cliff 

00  ft.  bigb,  and  all  around,  the  views  are  most  attractive, 
e  Gate  am^rds  one  of  the  best  of  these.  The  landscape  reaches 
IT  the  Uva  district  towards  the  Haputale  gap  and  the  Madul- 
lA  hills.     On  entering  the  garden   the  bewilderment  begins. 

every  hand  one  sees  species  in  the  most  grotesque  juxtaposi- 
D.  Plants  from  Australia  such  as  Casuarinas  and  Acacias  are 
"fectly  at  home  with  £ast  and  West  Indian,  Japanese,  and 
fflish  plants.  Of  the  latter  there  are  many  which  seemed 
ifty  and  well  established. 

Although  the  garden  is  used  primarily  for  experimental  pur- 
ses  it  has  been  laid  out  with  regard  to  effectiveness  of  grouping 

1  with  remarkable  success.  A  botanical  visitor  is,  however, 
iBtantly  trying  to  separate  in  his  mind  the  different  plants  from 
)Oorious  collocations  which  everywhere  abound  and  aemonstrate 
Iter  than  in  any  other  place  I  have  ever  seen,  the  wide  range 
tolerance  of  climate.  The  superintendent,  Mr.  W.  Nock,  who 
I  bad  large  experience  in  the  West  Indies,  has  carried  on  some 
eresting  experiments  in  acclimatizing  plants  from  the  western 
nisphere,  such  as  "  cherimoyer "  and  the  like.  There  are  few 
mts  in  the  garden  more  attractive  from  an  economic  point  of 
!W  than  the  vegetables  of  doubtful  promise,  such  as  Arracacha, 
i  those  of  assured  culinary  position  "Choco"  or  "Chocho" 
9chiufn  edule)  for  example.  Some  of  the  medicinal  plants  in 
nd  were  doing  well  in  every  way,  while  others  have  proved 
newhat  disappointing,  for  instance,  jalap  and  ipecacuanha. 
The  ferns,  especially  the  tree  ferns,  and  the  species  of  Eucalyp- 
\  form  one  of  the  marked  successes  at  this  garden.  Mr.  Nock 
.ted  that  the  most  troublesome  weed  in  the  garden  is  a  species, 
>rhaps  more  than  a  single  species)  of  Oxaiis:  it  is  simply 
possible  to  eradicate  it. 

;6)  Perddeniya. — The  gardens  are  four  miles  from  Kandy,  and 
>ot  eighty  from  Colombo.  The  railroad  passes  through  low- 
ids  and  rice-fields,  past  native  villages  surrounded  by  plantains 
1  coconuts,  and  through  occasional  jungles,  until  it  reaches 
^ber  ground.  The  scenery  changes  rapidly,  forests  now  and 
m  appearing  in  the  foreground,  with  occasional  views  of  dis- 
it  castellated  mountains.  As  the  mountains  rise  out  of  the 
raced  rice-tields  and  from  the  shrubs  of  the  jungles,  the  eye 
.ches  on  every  hand  glimpses  of  groups  of  bent  coconut  palms 
i  straight  arecas.  It  is  difficult  to  realize  that  these  palms 
•an,  perhaps  without  exception,  human  habitations  at  their  feet. 
rough  these  scenes  of  enchanting  beauty,  the  railroad  has 
ide  Its  way,  demanding  here  and  there  very  skillful  engineering. 
e  track  is  lined  with  Lantaua  which  is  slowly  giving  way 
fore  the  encroachments  of  a  still  stronger  invader,  a  Compo- 
B  from  Mexico.  Mimosa  pudica  is  also  widely  spread  as  a 
ong  weed. 

The  drive  from  Kandy  to  the  great  garden  is  through  a  well 
ided  street  lined  with  native  houses.  These  are  gathered  at 
>rt  intervals  into  villages. 
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My  first  visits  to  this  garden  were  made,  as  were  those  id  every 
other  instaDco  save  one  on  the  whole  tour,  without  reporting  to 
the  Director.  In  this  way  a  student  can  take  things  very  leis- 
urely, and  look  up  matters  of  detail  which  it  is  not  nght  or 
coarteouB  to  trouble  the  chiefs  with  ;  later,  all  special  points  ot 
interest  which  have  escaped  notice  are  likely  to  be  brought  ont 
by  a  walk  with  the  Director.  The  establishment  at  Pdradeoifi 
consists  (1)  of  160  acres  of  garden  proper  and  of  arboretum,  (!) 
of  a  museum  and  herbarium  with  library  attached.  The  Direc- 
tor, Dr.  Henry  Trimen,  widely  known  as  an  author  and  editor, 
controls  not  only  these,  but  the  branch  gardens  as  well,  making 
bis  headquarters  at  P(;r&deniya. 

Once  lor  all  it  may  be  said  that  botanists  are  made  welcome  is 
every  way,  finding  every  facility  for  carrying  on  systematic  work. 
The  climate  is  heakhful,  provided  one  takes  ordinary  and  reason- 
able precautions  against  exposure  to  the  direct  rays  of  the  sun  in 
the  hottest  part  of  the  day.  If  I  remember  rightly,  the  Director, 
even  in  his  long  walks  through  the  garden  and  in  his  excursions 
seldom  wears  the  conventional  pith-helmet.  American  students 
need  not  fear  that  they  will  suffer  greater  discomfort  from  the 
hot  weather  at  Kandy  and  Peradeniya  than  in  F>ummer  in  the 
United  States  and  Canada.  Acuess  to  Ceylon  (and  for  thai 
matter,  Java)  has  now  been  made  so  easy  by  the  newer  switt 
steamers,  that  it  seems  advisable  to  mention  these  facts  about  tbe 
climate. 

It  is  impossible  to  describe  the  wealth  of  material  placed  at  the 
service  of  every  visitor  to  the  two  great  gardens  of  the  equato- 
rial belt,  that  under  present  review  and  the  one  at  Buiteniorg,  to 
be  considered  in  a  subsequent  note.  It  is  equally  impossible  to 
JDBtltate  a  comparison  between  the  two. 

In  both  of  these  vast  establishments  the  student  finds  magnifi- 
cent specimens  of  all  or  very  nearly  all  the  useful  plants  belonging 
to  lioi  moist  L-limaieH.     Many  ji'ai's  ago  the  writer  liad  the  |  """ ' 
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main  entrance,  and  the  avenue  of  Oreodoxa,  are  only  a  few 
examples  of  the  finer  groups  of  single  species.  The  most  impos- 
ing group  of  different  species  is  that  of  the  palms  not  far  from 
the  gate.  The  classified  arboretum  is  rich  in  fine  specimens,  the 
principal  orders  being  represented  on  a  generous  scale. 

The  nurseries,  kitchen-gafden,  rockery  for  succulents,  ferneries, 
and  closters  of  economic  plants  are  on  a  scale  commensurate  with 
the  arboretum.  As  might  be  expected,  the  orchids  are  by  no 
means  so  fine  as  the  collections  one  sees  in  large  private  estab- 
lishments in  England  and  on  the  continent :  it  is  not  possible  to 
command  the  conditions  of  growth  for  all  the  finer  species  with 
the  same  degree  of  certainty  as  in  colder  regions  where  a  stove 
means  something. 

At  the  time  of  my  visit,  Amheratia  nohilis  and  the  great 
crape  myrtle  were  in  full  flower,  and  a  large  Talipot  palm  in 
bloom  was  one  of  the  most  conspicuous  objects.  I  was  a  little 
too  early  in  Ceylon  for  some  of  the  tropical  fruits,  and  too  late 
for  a  few  others,  but  fortunately  was  able  to  remedy  this  lack 
farther  on>  in  Queensland  and  Java. 

Among  the  finest  of  the  photographic  views  of  the  gardens  in 
Peradeniya  are  the  following  :  (1)  the  main  entrance,  with  the 
long  lines  of  Assam  rubber  trees,  and  the  cluster  of  different 
palms,  (2)  the  avenue  of  royal  palms,  (3)  the  different  bamboos  at 
the  ponds,  (4)  the  distant  view  of  the  satin-wood  bridge.  The 
view  from  the  Herbarium  is  also  one  of  great  beauty. 

Visitors  to  the  gardens  are  greatly  assisted  by  the  intelligent 
native  servants  detailed  to  act  as  guides.  They  have  a  fair 
knowledge  of  the  whereabouts  of  almost  all  the  important  plants 
and  seldom  go  wrong  with  regard  to  names.  It  should  be  stated 
also  that  the  natives  employed  in  widely  different  stations  in  the 
establishment  prove,  according  to  the  Director  and  the  Superin- 
tendent, generally  efficient. 

The  Herbarium  is  rich  in  certain  directions  and  can  be  con- 
sulted by  students  under  proper  restrictions.  The  Museum  is  as 
yet  small. 

It  remains  to  be  said  that  plants  and  seeds  are  for  sale  at  the 
garden,  at  moderate  prices.  A  Wardian  case  packed  with  forty 
assorted  plants  is  shipped  for  40  rupees,  say  about  16  to  20  dollars. 

The  influence  for  good  which  has  been  exerted  in  Ceylon  by 
the  garden  and  its  branches  is  incalculable.  The  establishment 
has  proved  a  center  of  scientific  activity  and  of  high  economic 
value.  G.  L.  G. 

IV.   Miscellaneous  Scientific  Intelligenck. 

1.  Die  Denndation  in  der  Wilste  iind  ihre  f/eologische  JJedeu- 
tunff,  Untersiichungen  Uber  die  Bildung  der  Sedimentc  in  den 
Agyptischen  Wilsten  ;  Joiiannks  Walthkr,  A.  O.  Prof.  Univ. 
Jena.  pp.  224,  large  8vo,  with  8  plates  and  99  cuts.  Leipzig, 
1891.     (S.  Hirzel.) — This  memoir  makes  part  of  vol.  xvi  ot  the 
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Transactions  of  the  Mathematico-Pliysical  Section  of  the  "  Eftnigl. 
Suchaischeti  Gessellschaft  der  WissenHcbaften."  It  is  a  work  of 
fjreat  interetit,  treating  of  the  cauHes  producing  denndation  in  th« 
Egyptian  desert  and  ita  results,  and  is  illuatrated  by  many  excel- 
lent and  instructive  figures.  The  chief  causes  of  denudation 
mentioned  are  deflation,  or  the  work  of  the  winds  directly  in 
denudation  by  removing  whatever  is  sufficiently  loose  or  has  been 
loosened  by  decomposition  or  otherwise,  and  the  work  in  abrasion 
by  transported  sands  ;  2d,  Insolation,  or  the  effects  of  the  san  or 
heat  over  the  fturface  of  rocka  by  changes  of  temperatnrs  and 
especially  those  of  day  and  night;  (3)  Decomposition  or  allert- 
tion  throngli  any  means  ;  (4)  The  eroding  and  transporting  action 
of  waters,  rains  being  not  wholly  absent.  (6)  Yegetation,  as  > 
means  of  modifying  results.  The  results  in  the  formation  of 
deposits  are  also  described.  The  work  is  of  special  value  to 
American  geologists. 

2.  Hintory  of  Yolcnmc  Action  in  the  area  of  the  British  Ida, 
by  A.  Gkikik.  Anniversary  Address  before  the  Oeologieal  So- 
ciety of  London,  Feb.,  1891.  Quart.  J.  G.  Soc  xlvii.^— More  bai 
thus  been  learned  about  volcanic  action  in  Paleozoic  time  from 
the  British  Isles  than  from  alt  the  rest  of  the  world.  I>r.  Oeiliie, 
in  his  Anniversary  Address,  commenceH  a  full  review  of  the  in- 
teresting subject.  Although  extending  to  one  hundred  pagei, 
the  review  covers  only  the  earlier  part  of  the  history,  to  the  clow 
of  the  Upper  Silurian. 

a.  Magnetic  Declination  in  tki:  United  States  for  the  .^wA 
of  1890. — Mr.  Chabler  A.  S('hott  has  a  paper  of  aeventy-five 
pages  on  tins  subject,  in  the  Report  of  the  Superintendeat  of  the 
Coast  Survey,  Prof.  T.  C.  Mondenhall,  for  IB80,  consisting  chiefly 
of  tables  giving  the  results  of  observations  reduced  to  the  year 
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Ajkt.  XVI. — Restoration  of  Stegoaauriis  ;   by  O.  C.  Mabsh. 

(With  Plate  IX.) 

In  this  Journal,  in  1877,  the  writer  described  a  remarkable 
extinct  reptile  from  Colorado,  under  the  name  Stegosaurus 
amuUua^*  and  later  a  much  more  perfect  specimen  of  another 
species,  Stegosaurus  wnguUvtus^  from  essentially  the  same  hori- 
zon, in  the  Jurassic  of  Wyoraing.f  The  latter  specimen  was 
in  fine  preservation,  and  the  more  important  parts  of  the  skull 
and  skeleton,  and  especially  of  the  remarkable  dermal  armor, 
were  secured.  Subsequently,  more  than  twenty  other  speci- 
mens of  these  and  other  species  were  obtained,  so  that  nearly 
every  part  of  the  osseous  structure  thus  became  known,  and 
only  portions  of  the  dermal  armor  were  iti  doubt.  A  fortunate 
discovery  cleared  away  most  of  the  doubt  in  regard  to  one 
species,  Stegosaurus  stenops^  as  the  type  specimen  hSd  the  skull, 
skeleton,  and  dermal  armor  together  when  entombed,  and 
almost  in  the  position  they  were  when  the  animal  died. 

With  this  rich  material  at  hand,  an  attempt  has  been  made 
to  ffive  a.restoration  of  one  of  the  group,  and  the  type  specimen 
of  Stegosaurus  ungulatus  has  been  selected  as  the  basis.  This 
has  been  supplemented  by  a  few  portions  of  the  skeleton  of 
Stegosaurus  auplex,  apparently  a  closely  allied  species  from 
nearly  the  same  locality,  while  some  other  parts,  especially  of 
the  dermal  armor,  have  been  placed  in  accordance  with  their 
known  position  in  Stegosaurus  sterwps. 

The  result  is  given  in  Plate  IX,  which  is  believed  to  repre- 
sent faithfully  the  main  features  of  this  remarkable  reptile,  as 
far  as  the  skeleton  and  principal  parts  of  the  dermal  armor  are 
soncemed.  This  figure,  one-thirtieth  natural  size,  is  reduced 
from  a  larger  restoration,   one-tenth   natural   size,   made  for 

*  This  Jounial,  III,  vol.  ziv,  p.  513,  December,  1877. 

f  Ibid.,  vol.  zviii,  p.  504,  December,  1879.    See  also,  vol.  xiz,  p.  253,  March, 
1880;  vol.  zzi,  p.  167,  February,  1881 ;  and  vol.  xx;civ,  p.  413,  November,  1887. 
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a  lithographic  plat«  to  accom'^an}'  the  muno^iTaph  of  tlie 
Stegonauria,  prepared  by  tlie  writer  for  the  U.  S.  G«ol<^cal 
Surrey. 

In  this  restoration,  the  animal  is  represented  as  walking,  aud 
the  position  ie  adapted  to  that  motion.  The  head  and  neck, 
the  massive  fore  limbs,  and,  in  fact,  the  whole  skeleton,  indi- 
eate  alow  locomotion  on  all  four  feet.  The  longer  hind  limbs 
and  the  powerful  tail  show,  however,  that  the  animal  could 
thus  support  itself,  as  on  a  tripod,  and  this  position  must 
have  been  easily  assumed  in  consequence  of  the  massive  hind 
quarters. 

In  the  restoration  as  here  presented,  the  dermal  armor  is  the 
most  striking  feature,  but  the  skeleton  is  almost  as  remarkable, 
and  its  high  specialization  was  evidently  acquired  gradually  a« 
the  armor  itself  was  developed.  AVithout  the  latter,  many 
points  in  the  skeleton  would  be  inexplicable,  and  there  are  still 
a  numl>er  that  need  explanation. 

The  email,  elongated  head  was  covered  in  front  by  a  bomr 
beak.  The  teeth  are  confined  to  the  maxillary  and  dentair 
bones,  and  are  not  visible  in  the  fipire  here  given.  They  are 
quite  small,  with  comprensed,  fluted  crowns,  and  indicate  that 
flie  food  of  this  animal  was  soft,  succulent  vegetation.  The 
vertebrae  are  solid,  and  the  articular  faces  of  the  centra  are 
bi-concave  or  nearly  flat.  The  ribs  of  the  trunk  are  maeeive, 
and  placed  high  above  the  centra,  the  tubercle  alone  being 
supported  on  the  elevated  diapophysis.  The  nearal  spines, 
especially  those  of  the  sacrum  and  anterior  caudals,  have  their 
summits  expanded  to  aid  in  supporting  the  massive  dermal 
armor  above  them.  The  limb  bones  are  solid,  and  this  is  true 
of  every  other  jjart  of  the  skeleton.     The  feet  were  short  and 
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peculiar  armor  used  for  offense.  In  addition  to  the  portions  of 
armor  above  mentioned,  there  was  a  pair  of  small  plates  just 
behind  the  skull,  which  served  to  protect  this  part  of  the  neck. 
There  were  also,  in  the  present  species,  four  flat  spines,  which 
were  probably  in  place  below  the  tail,  but  as  their  position  is 
somewhat  in  doubt,  they  are  not  represented  in  the  present 
restoration. 

All  these  plates  and  spines,  massive  and  powerful  as  they 
now  are,  were  in  life  protected  by  a  thick,  homy  covering, 
which  must  have  greatly  increased  their  size  and  weight.  This 
covering  is  clearly  indicated  by  the  vascular  grooves  and  im- 
pressions which  mark  the  surface  of  both  plates  and  spines, 
except  their  bases,  which  were  evidently  implanted  in  the 
thick  skin. 

The  peculiar  group  of  extinct  reptiles  named  by  the  writer 
the  Stegosauriaj  of  which  a  typical  example  is  represented  in 
the  present  restoration,  are  now  so  well  known,  that  a  more 
accurate  estimate  of  their  relations  to  other  Dinosaurs  can 
be  formed  than  has  hitherto  been  possible.  They  are  evidently 
a  highly  specialized  sub-order  oi  the  great  group  which  has 
the  typical  Oniithopoda  as  its  most  characteristic  members, 
and  all  doubtless  had  a  common  ancestry.  Another  highly 
specialized  branch  of  the  same  great  order  is  seen  in  the 
gigantic  Ceratopaia^  of  the  Cretaceous,  which  the  writer  has 
recently  investigated  and  made  known.  The  skeleton  of  the 
latter  group  presents  many  interesting  points  of  resemblance 
to  that  of  the  Stegosauria^  which  can  hardly  be  the  result 
of  adaptation  alone,  but  the  wide  difference  m  the  skull  and 
in  some  other  parts  indicates  that  their  affinities  are  remote. 
A  comparison  oi  the  ]>resent  restoration  with  that  of  TrieeratopSj 
recently  published  by  the  writer,^  will  make  the  contrast  between 
the  two  forms  clearly  evident. 

All  the  typical  members  of  the  titegosauria  are  from  the 
Jurassic  formation,  and  the  type  specimen  used  in  the  present 
restoration  was  found  in  Wyoming,  in  the  Atlantosaurus  beds 
of  the  upper  Jurassic.  Diracodon^  a  genus  nearly  allied  to 
Stegosaurus^  occurs  in  the  same  horizon.  Omosaumis  of  Owen, 
from  the  Jurassic  of  England,  is  the  nearest  European  ally  now 
known,  but  whether  it  possessed  a  crest  of  dermal  plates  like 
that  of  Stegosauru^  is  doubtful,  although  caudal  spines  were 
evidently  present. 

New  Haven,  Conn.,  July  15th,  1801. 

♦This  Journal,  vol.  xli,  p.  339,  April,  1891. 
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Art.  XVII. — On  the  Capture  of  Comets  by  Planets^  especially 
their  Capture  hy  Jupiter;  by  H.  A.  Newton. 

1.  Some  years  ago  I  obtained  and  published*  a  formula  ex- 
pressing in  simple  terms  the  total  result  of  the  action  of  a 
planet  in  increasing  or  diminishing  the  velocity  of  a  comet 
or  small  body  that  passes  near  the  planet.  This  formula  is 
practically  a  modification  of  the  integral  of  energy,  the  smaller 
terms  in  the  perturbing  function  being  omitted.  A  very  brief 
and  partial  treatment  of  it  was  presented  to  the  British  Asso- 
ciation for  the  Advancement  of  Science  in  1879  at  its  SheflSeld 
meeting.f  Within  the  last  two  or  three  years  several  astrono- 
mers have  made  special  study  of  the  manner  of  Jupiter's  action 
in  changing  the  orbits  of  comets  that  pass  very  near  him.  M. 
Tisserand  has  given  us  an  expression  connecting  the  major  axis, 
inclination  and  parameter  of  the  orbit  described  before  coming 
near  to  Jupiter  with  the  corresponding  elements  of  the  orbit 
after  leaving  the  neighborhood  of  the  planet.  :|:  M.  Schulhof 
has  applied  the  formula  of  M.  Tisserand  as  a  criterion  for  de- 
term  in  mg  the  possible  identity  of  various  comets  whose  orbits 
pass  near  to  Jupiter's  orbit.§  Messrs.  Seeliger,  Callandreau 
and  others  have  continued  these  investigations.  The  interest 
thus  shown  in  the  problem  has  led  me  to  resume  the  study  of 
the  subject,  and  to  work  out  the  results  of  the  formula  obtained 
by  me  m  1878  more  fully  than  they  have  been  hitherto  devel- 
oped. 

•  This  Journal,  III,  vol.  xvi,  p.  176,  1878. 
f  Report,  1879,  p.  274. 

X  Sur  la  th^rie  de  la  capture  dea  comdtes  p^riodiques,  Bull  Astron.,  Tome  Ti, 
juin  and  juillet,  1889. 

§  Notes  sur  quelques  Ck>mdtes  a  courte  periode,  Astron.  Nachrichten,  No.  2964. 
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2.  One  of  the  remarkable  diatinctioDB  between  the  cometf 
of  long  (or  inlinite)  periods,  and  those  of  short  periods,  is  that 
the  orbits  of  the  latter  have  almost  withont  exception  direct 
motions  and  small  inclinations  to  the  plane  of  the  ecliptic 
while  the  orbits  of  the  former  have  all  possible  inelinationf 
between  0°  and  180°.  At  first  sight  this  seems  to  imply  that 
the  two  groups  of  comets  are  radically  distinct  in  origin  or 
nature  one  from  the  other.  The  most  natural  line  of  investi- 
gation therefore  is  the  effect  of  perturbatione  in  bringing  or 
not  bringing  the  comets  to  move  with  the  planet  aner  tbe 
perturbation, 

3.  The  algebraic  processes  by  which  was  obtained  the  form- 
ula for  the  cliange  »»f  energy  which  a  small  body  experience 
from  passing  near  a  planet  were  given  in  the  article  cited,  and 
they  need  not  be  here  reproduced.  The  following  was  the 
resulting  equation,  viz ; 

and  it  was  obtained  from  the  general  differential  equations  of 
motion  by  making  assumptions  not  greatl  v  differing  from  those 
used  in  obtaining  Laplace's  well  known  theorem,  tliat  a  sphere 
of  suitable  magnitude  may  be  described  abont  the  planet  u  i 
center  and  that  for  a  tolerable  first  approximation  the  comet 
may  he  regarded  as  moving  when  witfiout  this  sphere  in  i 
conic  section  of  which  the  sun  is  the  focus,  and  as  movine 
when  within  the  sphere  in  a  conic  section  (an  hyperbola)  of 
which  the  planet  is  the  focus.  In  other  words,  only  perturba- 
tions of  the  first  order  of  magnitude  are  taken  account  of.  A 
comet  is  treated  throughout  this  paper  as  a  small  indivisible 
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liCt  A  be  the  distance  which  the  planet  has  yet  to  pass  over  to 
reach  E  when  the  comet  is  at  A  (A  may  be  negative)  ; 

m    the  mass  of  the  planet,  sun's  mas8=unity ; 

a     the  unit  of  distance,  in  general  the  mean  distance  of  the 

earth  from  the  sun ; 
f     the  sun's  attractive  force  at  the  unit  of  distance  ; 

V,    the  planet's  velocity  in  its  orbit  at  E  ; 

v^  the  comet's  velocity  in  its  orbit  C  when  the  comet  en- 
ters the  sphere  of  Jupiter's  perceptible  influence ; 

V     the  comet's  velocity  at  A  relative  to  the  sun  ; 

s      =v^/v,; 

@^  the  semi-axis  major  of  (ff^  (negative  if  (S.,  is  an  hyperbola) ; 

@    the  semi-axis  major  of  fit  (negative  if  fit  is  an  hyperbola) ; 

p     the  perpendicular  from  the  planet  upon  asymptote  to  C ; 

ot  the  acute  angle  between  the  transverse  axis  of  C  and 
the  asymptote  to  C. 

q}  the  angle  between  the  tangent  to  jjf  at  O  (drawn  in  the 
direction  of  the  planet's  motion)  and  the  line  from  the 
planet  to  the  vertices  and  center  of  C ; 

A    the  semi-transverse  axis  of  C ; 

B    the  semi-conjugate  axis  of  C  (hence  equal  to/?)  ; 

r      the  distance  of  the  planet  from  the  sun  ; 

r^     the  distance  of  the  comet  from  the  sun  ; 

r^    the  distance  of  the  comet  from  the  planet ; 

p,  and  p  distances  of  the  comet  from  the  sun  at  selected  epochs 

before  and  after  perturbation ; 

u  and  u  the  velocities  of  the  comet  at  the  selected  epochs  ; 

,      .                      1..  1     n     2/a''       2mfa'         .        ,        , 
A     the  increase  to  which  v  —— — —  receives  by  the 


r.  r^ 


planet's  action  during  the  whole  period  in  which  the 
comet  is  passing  near  to  Jupiter. 

5.  If  we  assume  two  epochs,  one  before  and  one  after  the 
perturbation,  at  which  the  comet  is  equally  distant  from  the 
planet,  the  term  ^mfd^li\  is  the  same  at  both  instants,  and  it 
disappears  from  the  value  of  A.     Therefore 

2/a'  ,        2/a*' 

9  9, 

But  by  the  well-known  formulas  from  the  law  of  gravitation, 

<  =  'K,  -  i> 

and  «'  =  2/a'(l  -  4); 

hence  "^  =-^"ti  ~  4)' 

^  .       1          1             4m  cos  Q)  sin  a 
that  ifl,  from  (1)     ;=-  —  ^  = — • 


T'i'A  •yjiii.ti'ja  U  valid  whatever  be  ®  the  major  axu  of  tbt 
•jT'ih  C .  kT^d  ij.av  ;«  n-e-l  ui  dtienniiie  the  major  axil  of 
»r;:L*T  '^r'".';-.  fri>m  the  elements  vi  the  other.  Mt  praeDt  par- 
^.1^  i^.  L'.'W^Ttr.  v^  i-Tndv  ihe  acrion  of  Jnpiter  in  chanzii^ 
•jt-j'.:'.  thk:  iin: 'inErinally  f«raU:>la«.  and  beoee  io  fcenetud, 
^■'...  }jh  uk^n  irjtiiiite.     In  tliat  case 

'■1  =  <"    ■       .  (!| 


It  v:!l  !>c  f'jiiud  that  tlie  feoond  nnmber  of  (dtdependgoa 
w.  f/  ^ij'j  /'.  ;>ii'l  t]i^->C'  are  known  (jiianririeE  whea  the  elementt 
'A  C  i>'J'l  J  •>rt:  (fiven.  Tlie  n^e  of  the  equarion  i«  moreOTcr 
jiT«At)_v  -imjMilif-d  and  enhanced  bv  the  fart  that  the  plane  of 
th<:  |tlaii>;t%  orl^it  U  involved  oolv  in  so  itr  as  that  it  mo» 
c.titain  tlie  taii^cnt  to  J  at  E 

t.  In  t}i>:  M.-cmd  member  of  (2iall  the  factors  are  po^tin 
*:\CM\i\  f.'r-.  If.  hence,  if  If  <\'t!.  @  is  positive  and  the  orbit  C  >* 
an  t;lliiJ':f::  but.  if  ^>iir,  %  is  negative  and  C  U  an  hrperboli. 
Thin  r>r-u]t  may  Ih;  thus  e.\pn.«6ed:  if'  the  eontH  patta  iji 
fi'int  nj  ■/uj/H'^r  (I'f  kinttic  tntrtju  of  the  comet  i>  diminithti. 
if  it  jnuii'rii  fuf'iml  iht  fAiinet  the  iuutlc  en^ryy  of  the  eomet  it 
iiii-ita>'*.<l .  TIi>:  n.'a.^oii  for  this  may  also  be  given  in  geDeni 
lai)ffua[f<:  If  the  crmiet  passes  iii  front  of  the  planet  tbe 
coiiifttS  attra'-tiori  iiicreaHC't  the  velocity,  and  hence  increaw 
thi:  kiu'^ri''  i:'.,ft^v  ui  the  )>lanet  and  v'ti^  cer^a.  Bat  the  total 
«nt,Tcy  of  the  two  b-nlies  is  constant ;  so  that  when  that  of  the 
planet  in  iiirre:i-e<),  that  of  the  comet  is  diminished  and  m 
mria. 

7.  \t  i-  <li:rinible  iiow  to  transform  the  \'alae  of  (g  aveu  in 
irijUiition  (2 1  -o  -J.:  ti,  be  nhle  to  determine  the  major  axis  of  the 
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planet  to  move  from  O  towards  E  we  may  apply  an  eqnal, 
opposite  motion  to  the  comet,  and  consider  the  planet  to 
remain  at  rest  at  O.  Draw  AC  parallel  to  EO  and  make  AB 
equal  to  the  distance  described  by  the  planet  during  the  time 
that  the  comet  is  moving  from  Y  to  A.  Join  xB.  Then 
since  YA  and  BA  represent  in  direction  and  magnitude  the 
motions  of  the  two  bodies  in  a  given  interval,  the  third  side 
Y^  of  the  triangle  represents  in  magnitude  and  direction  the 
motion  of  the  comet  relative  to  the  planet.  The  angle  YAB 
18  the  angle  o),  and  the  three  sides  of  the  triangle  YA,  YB  and 
BA  are  proportional  to  v,  v^  and  v^.  Let  the  angle  YBC  be 
0 ;  then  from  the  triangle  YAB  we  have 

vjz=iv^--2v/v  cos  QD-\-v\ 
and  v:  v^:  VqI:  sin  d:  gin  (^— cy) :  sin  Ci7.  (3) 

Since  v  and  v  can  be  computed  from  the  given  elements  of 
the  orbits  of  the  planet  and  comet,  we  may  readily  compute 
from  o)  the  value  of  «,  or  vjv^.  But  if  the  planet  is  at  its  mean 
distance  from  the  sun,  and  the  comet's  orbit  is  parabolic, 
t;'  =  2v/,  and  we  have 

«'  =  3  —  2^2  cos  00.  (4) 

Also  from  the  triangle 

or  2«  cos  <9  =  1  —  s',  (5) 

9.  To  find  p. — The  planet  being  regarded  at  rest  at  O  and 
the  relative  unperturbed  motion  of  the  comet  being  along  YB, 
this  line  may  within  admissible  limits  of  error  be  treated  as 
one  asymptote  of  the  relative  orbit  C.  The  perpendicular 
from  O  upon  YB  will  then  be  by  definition  (Art.  4)  the  line 
p.  Draw  OX  from  O  perpendicular  to  OY  and  OE,  and  let 
these  three  lines  be  coordinate  axes.  Let  the  line  AB  meet 
the  plane  XOY  in  C.  Join  OC,  let  fall  OD  perpendicular  to 
YB,  and  join  CD.  Since  EA  is  perpendicular  to  AY  and  also 
to  EO,  and  so  to  its  parallel  line  AC,  therefore  it  is  perpen- 
dicular to  the  plane  1  AC.  Hence  OC,  parallel  to  EA  is  per- 
pendicular to  the  plane,  and  so  perpendicular  to  CD.  Again 
CDY  is  a  right  angle;  for  OD''+DY^=OY"=OC''+CY*,  and 
OD'=OC'+DC\  Hence  DC'-f  DY'=CY',  and  consequently 
CDY  is  a  right  angle. 

The  quantity  h  is  the  line  BC ;  for  h  is  the  distance  which 
the  planet,  when  the  comet  is  at  A,  has  yet  to  pass  over  before 
reaching  E.  But  the  comet  was  at  Y  when  the  planet  was  at 
O,  and  the  planet  describes  BA,  while  the  comet  describes  YA, 
leaving  BC  as  the  distance  yet  to  be  described  or  h.  But  the 
angle  CBD  is  0^  so  that  we  have 

y  =  CD'  =  OC'  +  CD^  =  cf  -h  h'  sin'  d,  (6^ 
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10.  To  find  a. — The  angle  a  is  the  acute  angle  between  tbe 
asymptote  and  the  transveree  axis  of  the  hjpertoia,  and  hence 
from  the  nature  of  the  hyperbola  tan  a=B/A.  By  known 
formulas  we  have,  if  the  planet  is  at  its  mean  distance 


Therefore 
Hence  from  (6) 


_  B  _  p  _  <'((r  +  A'  dn'  fl) 


11.  To  find  {p. — The  orbit  of  the  comet  relative  to  Jnpitcr 
lies  in  the  plane  YOB.  Let  i  be  the  inclinatiou  of  the  plane 
YOB  to  YOX,  measured  positive  from  at  positive  to  z  positive; 
let  I  be  the  longitude  of  the  direction  YC,  meaeurea  in  the 
plane  YOX  from  OY,  that  is,  the  angle  made  by  Y^O  with  OY 
produced ;  let  X  be  the  longitude  of  tbe  direction  YB  niea- 
sared  in  the  plane  YOB  from  OY,  that  is,  tbe  angle  made  b; 
Y'B  with  OY  produced.  Imagine  now  a  sphere  deaeribed 
about  y  as  a  center  that  shall  cut  the  three  planes  XOY,  BOY 
and  BCY  in  three  sides  of  a  right  angled  spherical  triangle. 
The  hypotenuse  of  this  triangle  is  X,  the  base  I,  the  perpen- 
dicular ^ir~8,  and  the  angle  opposite  to  the  perpendicular  ie 
i ;  hence  we  have 

cos  A  =  cos  ;  sin  6,  (8) 

cos  0  =  Bin  i  sin  A,  {«) 
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that  are  not  serious  would  make  it  applicable  without  these 
limitations.  The  quantities  in  the  several  equations  may  be 
regarded  as  having  values : — 

d  positive, 

h  positive  or  negative, 
a  positive  and  less  than  \n^ 
a?,  ^,  q)  and  i  positive  and  less  than  ;r, 
/  and  A  positive  and  less  than  2zr. 

13.  We  may,  however,  also  find  directly  the  value  of  @  in 
terms  of  rf,  A,  and  the  known  functions  of  o). 
From  (12) 

cos  <p  sin  azs,  sin  i  sin  A  cos  a  sin  a:!:  sin  i  cos  A  sin^  a. 

From  (7) 

AB  ,    .  ,  B^ 

cos  Of  sm  a  =  -r-n- — rr„,  and  sm'  a  =  -r^ — j^r. 

A  -f  b  A  +  D 

From  (10)  and  (8) 

.     .        ,        .  cos  I  sin  d  cot  /  sin  Q 

sin  »  cos  A  =  ±  1  ~  =t  -    -  1> 

(1  +8in''  /  tan*^  ^)*  (sec^  ^+cot''  /)* 

hence  from  (6)  and  (11) 

.     .        ,  h  sin*  ^  h  sin"  Q 

smicosA  =  ±  - 1  =  ±       r.-. 

(c^'^  +  A'^sin^^?)*  ^ 

From  these  and  (9) 

cos  cp  sin  a  (A''  +  B')  =  AB  cos  ^  di  AB  sin'^  d, 

and  hence  from  (2) 

_«_     _     A^  +  B^  _  j_     A'  +  e^^H-A-'sin^^? 

~4m  '  A  cos  ^  db  A  sin''  ^  ~  4wi  *  A  cos  0  ifc  A  sin*  &     ^     ' 

Since  m  is  the  known  mass  of  the  planet,  and  d,  s  and  A  are 
known  functions  of  «,  equation  (13)  gives  directly  the  value  of 
@,  the  semi-axis  major  of  the  new  orbit  (E  in  terms  of  rf,  A 
and  a>. 

14.  For  a  particular  case  of  approach,  equation  (13)  is  con- 
venient for  computation.  We  may,  however,  now  treat  rf,  A  and 
a>  as  independent  variables  whose  varying  values  may  express 
all  the  different  possible  cases  of  approach  of  the  comet  to  the 
planet  so  far  as  change  of  periodic  time  of  the  comet  is  con- 
cerned. The  dependence  of  @  upon  the  three  variables  cannot 
be  very  easily  represented  graphically  in  a  single  plane  dia- 
gram. But  by  giving  to  o)  successive  values  in  multiples  of 
10°,  viz:  a)=10^  20°,  30°,  etc.,  to  170°,  I  have  prepared  a 
series  of  diagrams  to  exhibit  in  each  case  in  succession  the 
relation  of  @  to  the  other  two  variables.  The  values  of  ^,  s 
and  A  for  the  several  values  of  &>  were  needed  in  making  the 
diagrams  and  they  are  given  in  Table  I.     Equations  (4),  (5) 
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and  (7)  are  aeed  in  making  the  table.  The  distnrbiDg  planet 
is  aaeumed  to  be  Jupiter,  so  that  m  was  taken  eqaal  to  1/1O50 
and  r=5'2. 

TaBLB  I. 


411 

02eS6  ' 

100° 

'  UV 

,.. 

1-S68 

-00141 

463    ' 

02309    ' 

110 

138 

.9 

1-992 

■oom 

GSB    1 

0114B 

120 

144 

21 

2-101 

-OOllI 

741    ! 

00900 

130 

160 

2S 

2196 

-001(11 

913 

0OB94    , 

140 

1B6 

2« 

2-273 

-OOOK 

087    1 

004  IS 

150 

162 

23 

2-334 

-00031 

00312 

160 

168 

Iti 

2-379 

•00088 

42G 

00244 

170 

174 

B 

2-406 

-OOOK 

584    ' 

00197 

ISO 

180 

0 

2-414 

■ODOSi 

73S 

0OI6B   ,. 

15.  Using  these  values  of  d,  s  and  A  we  may  now  repreeeot 
graphically  the  dependence  of  @  upon  tlie  other  two  variables 
d  and  h  for  each  specified  value  of  a>.  Let  d  and  h  be  Carte- 
sian coordinates,  tlien  for  each  point  of  the  coordinate  plane 
there  is  a  value  of  @  The  ambignoua  sign  will  be  fully  satia- 
lied  by  giving  positive  and  negative  values  to  A.  For  an 
aaeumed  value  of  @  we  shall  have  a  cnrve  whose  equation  if 
(13),  and  each  point  of  this  curve  represents  values  of  d  and  h 
for  which  the  total  action  of  the  planet  upon  the  comet  will 
he  to  reduce  the  energy  of  the  comet  a  constant  amount.  Tbie 
locus  will  be  called  an  isergonal  curve. 

16.  Faisceau  of  isergonal  ellipaes. — The  equation  (13)  of  the 
isei^onai  curve  may  be  written 
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ellipse.     The  ratio  of  the  axes  being  1 :  sin  ^,  and  A«'  being 
=7nr,  the  area  of  the  ellipse  will  be  eqaal  to 

18.  Maximum  action  of  the  planet, — For   two  particular 

values  of  @  the  isergonal  ellipses  become  points.     These  values 

of  @  result  if  the  maximum  eflEect  of  the  planet  in  increasing 

and   in  decreasing  the  energy  of  the  comet  takes  place,  and 

they  are  obtained  by  making  the  two  values  of  h  equal  to  each 

As 
other  in  (14),  that  is,  by  making  cos^— ;; — —  =±1.     Since  at 


the  same  time  A=2w^/«,  we  obtain 

A 

1' 


A  = 


and     @  = 


2m@ 


As 


(15) 


cos^dbl'     """     ^       2m(co8^±l)* 

Let  A'  and  A",  and  @'  and  @"  be  the  positive  and  negative 
values  of  h  and  @  in  (15)  and  we  may  construct  the  following 
table  of  their  values.  As  in  Table  I  Jupiter  is  assumed  to  be 
the  perturbing  planet. 

Table  II. 


o 

V    : 

1 

@' 

@'' 

u 

?i' 

;."     , 

@'  ■ 

&' 

0** 

•01443  ' 

a        i 

314 

—    a 

100° 

•00426 

-00085 

417 

-0-83 

10 

•01250 

-15174 

304 

-36-90 

110 

•00489 

-•00072 

5^12 

-075 

20 

•00927 

-03307 

2-85 

-1015 

120 

•00598 

—  •00062 

660 

-068 

30 

•00690 

-•01290 

2-09 

-   5-03 

130 

00789 

-•00055 

909 

-063 

40 

•00544  ' 

-•00654 

2-61 

-  313 

140 

•01149 

-00050 

13-71 

-060 

50 

•00457 

-•00387 

261 

-   2-21 

150 

•01934 

—  •00047 

2370 

-057 

60 

•00407 

-•002r>3 

2-69 

-  res 

160 

•04192 

-00044 

52-36 

-055 

70 

•00382 

-•00179 

2^86 

-   1-34 

170 

•16336 

-00043 

206-30 

-0-54 

80 

•00377 

-•00134 

3^14 

-    Ill 

180 

(X 

-00043 

a 

-0-54 

90 

•00390  1 

-00105 

3-55 

-   0  95 

' 

19.  Explanation  of  Table  II, — The  meaning  of  the  numbers 
in  this  table  may  be  explained  by  an  example.  If  a  comet 
moving  in  a  parabola  passes  near  to  Jupiter,  and  the  directions 
of  the  two  original  motions  at  nearest  points  of  the  orbits  make 
an  angle  of  10°,  then  the  greatest  action  of  Jupiter  (during  the 
whole  period  of  transit)  in  diminishing  the  velocity  of  the 
comet  in  its  orbit  about  the  sun  will  take  place  if  the  two 
orbits  actually  intersect  (^=0),  and  if  the  comet  in  its  unper- 
turbed orbit  arrives  first  at  the  point  of  intersection  at  the 
instant  when  Jupiter  is  distant  therefrom  *0125O  (the  earth's 
mean  distance  from  the  sun  being  unity).  The  resulting  semi- 
axis  major  of  the  comet's  orbit  al)out  the  sun  will  be  3*04. 

On  tne  other  hand,  the  greatest  effect  in  increasing  the 
velocity  of  the  comet  will  take  place  when  the  two  orbits 
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actually  iritLTxect.  and  the  comet  in  its  nnpertnrbcd  ntit 
n!ai;)i(!K  tliu  pDiiit  of  intersection  later  tban  tfae  planet  ud 
wlutii  tliu  )>laiint  ir)  diKtaiit  therefrom  0'15174.  Tbe  E«mi-ou!- 
verw!  axiM  of  the  n-miltiii^  hyperljolic  orbit  aboat  tLe$mi^ 

20.  Ji'HiiUiiuf  iii-hiin  tif  tiiaxitnum  perturbation, — ^Tbepwi- 
tioii  of  tlie  relative  ort>it  alvout  Jupiter  in  these  cases  of  mtii- 
Ilium  ]iertiirl>alii>ii  for  ^rivttii  values  of  w  is  eaisilv  detenniMd 
From  the  efjiiatioiiit  (7).  (fi)  and  (15) 

tan  a=\y\=l>  8infl/A=Bin  5/(c08  0±1\ 

The  (Hutitive  xi^n  ;;iveit  '2a=6,  and  tbe  negative  sign  pm 
iia=ir+d.  Hnt  the  allele  aa  in  the  first  case  is  theangteof 
the  asymptotes  eiieioKinf;  the  liranch  of  the  byperbola  deseribtd 
alxmt  Jupiter  tiy  the  emnet.  Since  tbe  two  orif^oal  orbits 
iiiturwcet,  the  plane  of  the  relative  orbit  contains  tbe  planeri 
path,  Kii  that  the  cnniet  {Mnces  directly  in  front  of  the  plunel 
and  hein^r  turneil  haekwanl  leavoo  Jupiter  exactly  in  the  dirw- 
tion  of  .tiipiter'h  (jiiit.*  Tlie  place  of  enconnter  with  JnpiiiT 
will  he  near  an  amt  of  the  cumct'ii  reBuItinfr  orbit  about  the 
Hiin.  The  eoin(;t  leaves  the  pliinet  with  the  relative  velorilj 
Y'g,  s<>  that  if  H<|1  tlie  iriotinn  about  the  snn  in  the  nenrorbii 
will  lie  direct ;  if  «>I  t.h(!  motion  in  the  new  orbit  will  1* 
retrofjnide.  That  is,  by  (4)  when  to  <[  Jw  tbe  resultini;  motion 
in  direct ;  when  m  ]>  ^Tr  the  resulting  motion  is  retrograde. 

In  the  second  ease  the  an i;le '2a,  being  greater  than  ISt)', 
stands  fur  the  anjrle  between  the  asymptotes  exterior  to  the 
orbit.  Ileiiee  the  eoriiel  pjKwing  behind  tbe  ptaoet  wilt  ht 
tiirntnl  forwani  and  will  leave  the  planet  in  the  direction  of 
Jupiter's  gtial,  and   have  a  vehicitv  that  will  send   it  perm*- 
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point  of  intersection  at  tAs  instant  when  the  planers  dietance 
therefrom  ie  equal  to  the  planeVa  distance  from,  tke  swn  multir- 
plied  by  the  ratio  of  the  mass  of  the  planet  to  the  mass  of  the 

Tlie  relative  velocity  of  the  comet  ou  leaving  the  planet's 
sphere  of  action  would  be  equal  to  and  directly  opposite  to  the 
planet's  velocity  («=  1),  and  the  comet  would  be  left  entirely 
at  reat  to  fall  to  the  snD.  This  case  could  not  happen  for 
planets  like  the  earth  where  mr  is  less  than  the  semi-aiameter 
of  the  planet.  In  the  case  of  the  earth  mr  ie  lees  than  300 
niilee,  and  actual  colliBion  would  result.  Bnt  for  Jupiter  mr 
b  greater  than  the  distance  of  the  second  satellite  from  the 
planet.  The  nearest  approach  of  the  cotnet  to  the  planet 
would  bemr  (v'S— 1)  which  is  more  than  four  times  theraditiB 
of  Japiter.  Hence  this  case  of  maximum  diminution  of  major 
axis  coald  occur  near  Jupiter. 


22.  FsergoncU  ellipse  for  o>=10°.— If  we  make  (a=10*'  the 
vanishing  points  of^the  isergonal  ellipses  will  be  (Table  II)  at 
rf=0,  A=-O1250,  and  rf=0,  A=-15174.  In  fig.  2  let  OE  and 
OH  be  the  axes  of  d  and  h  respectively.  The  vanishing  points 
will  be  on  the  axis  OH  at  distances  h'  and  A"  above  and  below 
O.  Upon  this  diagram  are  shown  the  halves  of  four  isergonal 
ellipses.  The  scales  used  for  d  and  h  are  not  equal  to  each 
other,  since  the  use  of  the  same  scale  for  both  coordinates 
wonid  make  the  tignres  of  inconvenient  shape.  In  this,  and 
in  all  the  figures  2-18,  the  unit  in  d  is  to  the  unit  in  A,  as  I 
to  sin  «.  But  to  indicate  more  clearly  this  scale,  and  at  the 
same  time  to  give  a  kind  of  shading  to  a  part  of  the  area,  there 
are  drawn  above  the  radical  axis  ae  lines  parallel  to  OE,  and 
parallel  to  OH,  at  intervals  of  -01 ;  that  is,  the  sides  of  each  of 
the  small  rectangles  in  the  quadrant  HOE  are  '01,  or  about 
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926,000  milee.  Only  the  positive  values  of  d  are  repreaented 
in  the  ligaree.  The  positive  vaiHBhing  point  being  1'2&0  of 
these  divisions  above  O,  and  the  nefi;ative  vanishing  point 
13,174  below  O,  we  lay  oflE  Oa=KA'  +A")  =  -6-962  diviaoiiB, 
and  draw  ae  for  the  radical  axis.  The  smallest  positive  valne 
of  %  is  (Table  11)  3-04.  As  %  increases  from  3'04  the  ellipse 
increases  in  size,  and  the  innermost  cnrve  represents  what  it 
becomes  when  ®  =  5.  Tlie  second  cnrve  (separating  the  blank 
and  shaded  areas)  corresponds  to  @=20,  Any  paracolic  comet 
passing  Jupiter  with  an  original  angle  of  m=10°,  and  havinc 
d  and  A  such  as  to  be  represented  by  a  point  within  the  blank 
area  of  fig.  2  will  leave  the  vicinity  of  tne  planet  in  an  elliptic 
orbit  whose  semi-axis  major  is  lees  than  20,  and  whose  period 
therefore  is  less  than  90  years. 

Fig  4;  u=20'.  Pig.  6;  u=160'. 
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23.  laerffonal  elliptes  for  «=170**. — In  figure  8  are  drawn 
the  three  ellipcea  correepondiiig  to  the  valnes  of  @,  —6,  —20, 
and  —50.  The  ellipees  above  ae  do  not  appear,  iDasrancb  as 
the  smallest  possible  elliptic  orbit  has  a  semi-axiB  major  of 
206-3  (Table  II),  and  a  period  of  about  3000  years.  The  radi- 
cal axis  as  is  '08146  (or  over  8  divisions)  above  OE. 

24.  Figures  land  5  are  like  diagrams  for  «==  20°  and  (u= 160°. 
With  altered  nombers  the  explanations  of  arts.  22  and  23  apply 
with  slight  chiiiiRS  to  these  figures.  The  line  ae  in  figs.  4  and 
5  is  nearer  to  0£  than  is  the  same  line  in  figs.  2  ana  3.     In 

Fig.  7;  u=ISI). 
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fig.  4  the  line  for  @=  —20  appears  below  ae,  while  above  ae 
are  the  three  enrves  for  +5,  +20,  and  +50,  respectively.  In 
fig.  5  the  ellipse  for  @=50  is  wanting  since  the  minimnm 
eflipee  has  a  semi-axie  major  62'36  (Table  II),  while  below  ae 
the  three  curves  are  present. 

In  figures  6  and  7  are  contrasted  in  like  manner  the  isergonal 
curves  for  the  angles  ai=30,  and  o)=the  supplement  of  30°. 
In  fig.  6  the  curve  @=— 5  is  wanting,  and  in  fig.  7  the  two 
curves  (§|=5,  and  @=30  are  both  wanting. 

In  like  manner  are  to  be  explained  the  figs.  8-18.  The 
nombers  needed  for  drawing  the  figures  are  furnished  by  equa- 
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linn  (13V  The  curves  that  in  each  tignre  separate  the  Bhaded 
arva  fniiii  the  noa-shaded  area  are  the  ellipeee  for  (aj=20,  and 
v<r  =  — 2t>  The  shading  is  introduced  in  order  to  compare  more 
rvadilv  the  corresponding  curves  in  the  figoree. 

25.  The  dotted  carve  in  the  several  Sgnres  represents  tboee 
vuhivd  of  d  and  h  for  which  the  total  cnange  of  direction  in 
X\w  relative  orbit  ia  10°  ;  that  ie,  a=85°.  It  is  that  cnrve 
vhoee  equation  is  A  tan  86°= B,  or  (?-j-A'  8in'fl=A'  tan' 85°. 
It  i«  therefore  an  ellipse  whose  center  ie  the  origin  of  coordi- 
nates, and  it  is  similar  in  each  figure  to  the  isergonal  ellipets. 

Fig.  9;  u=140. 
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If  about  the  snn  as  a  center  a  sphere  S  be  deecribed  with 
an  iirbitrary  radios  t,  it  will  be  assumed  that  Dear  the  surface 
of  0,  space  is  filled  equably  with  comets.  We  may  express 
this  by  supposing  that  in  each  cubic  unit  of  space  near  0, 
there  are  at  each  and  every  instant  n  comets.  As  the  orbits 
are  all  assnmed  to  be  parabolic,  the  n  comets  have  a  common 
velocity  v. 

Fig.  13;  u=120°. 
Fig.  10;  0=60*.  Fig.  12;  O"60.         Fig.  II;  u=i30. 
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It  will  be  furthermore  assumed  that  the  directions  of  the 
comets  in  eacli  cubic  unit  of  space  near  S  are  at  random,  that 
is,  that  the  quits  and  ^oals  of  the  comet's  motions  relative  to 
the  sun  are  distributed  eqnably  over  the  surface  of  the  celes- 
tial sphere. 

27.  Number  of  comets  entering  0. — If  about  a  normal  to  S 
ae  an  axis  there  be  described  two  cones  cutting  the  celestial 
sphere  in  two  small  circles  distant  from  the  point  where  the 
normal  meets  the  celestial  sphere  ^  and  i^+d-^,  then  of  the  n 
comets  there  will  be  in  sin  ^a-^  comets  wliose  quits  are 
between  the  two  circles.  Each  of  these  comets  will  move  per- 
pendicalarly   to   the   spherical   surface   0   with    the   velocity 
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nal  between  -^  and  ■<fr+d^,  have  perihelioa  distances 
ffeen  y  and  q+dq.  Hence  N  may  also  repreaent  the  nnm- 
of  comets  tliat  in  the  given  period  of  time  pass  their  perihe- 
and  whose  perihelion  distances  are  less  than  q.    Therefore 

is  a  constant,  and  we  conclude  that  if  comets  be  grouped 

>rding  to  their  perihelion  distances  the  unmber  of  comete 
we  perihelion  distances  are  less  than  q  is  proportional  to  q. 


9.  It  follows  aa  a  corollary  to  art.  28  that  if  the  two 
mptions  of  art.  26  be  made  for  the  spherical  surface 
he  like  distributions  are  true  for  every  smaller  concentric 
srical  surface.  It  would  be  but  a  reasonable  extension  of 
assumptions  to  make  them  apply  to  larger  spheres,  if  finite. 

[To  be  contioued,] 


L  JouB.  Soi.— TniRD  Sbbiis,  Vol.  Xhll,  No.  249.— Sbptehbeb,  1891. 
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Art.  XVIII. — Pleistocene  Fluvial  Planes  of  Western  I'atn- 
sylrania  ;  by  Frank  Lkvebett. 

In  the  November  number  of  this  Journal  there  appeared  k 
papei-  by  Mr.  P.  Max  Foebay,  eutitled  "  Preglacial  Draint^ 
and  liecent  Geological  History  of  Weetem  reimsjlvania."in 
which  certain  views  are  expressed  which  do  not  seem  consistent 
with  facts  in  my  possession ;  and  in  which,  although  valnabk 
augj^tions  are  made  regarding  the  possibilities  of  chancer  in 
drainage  which  the  region  may  have  nndergone  since  the  le- 
ginning  of  the  glacial  period,  adequate  data  are  not  preseatel 
to  sustain  the  broad  ana  positive  conclusions  drawn.  It  iheie- 
fore  seeras  important  that  the  subject  be  further  considered 
and  that  attention  be  called  to  facts  which  render  the  prubleni 
more  complex  and  its  solution  less  certain  than  the  paper 
leaves  the  readers  to  suppose. 

A  few  genera!  statements  respecting  the  fluvial  planes  of  the 
region  (following  essentially  President  Chamberhn*)  will  aid 
in  showing  the  bearing  of  the  facts  I  wish  to  present.  In  tbe 
district  immediately  southeast  of  the  drift-covered  portion  cf 
western  Pennsylvania  there  are  three  well-developed  flnvial 
planes  distinct  from  the  present  flood-planes  of  the  streatas. 
representing  as  many  distinct  episodes  in  recent  geolugical 
history.  The  lowest  fluvial  plane  is  the  rock  floor  of  the  Til- 
leys,  which  in  much  of  the  region  is  at  a  lower  level  than  clw 
beds  of  the  present  streams.  The  middle  fluvial  plane  is  rep- 
resented by  the  moraine-headed  terraces  which  take  their  rirf 
1  the  bulky  outer  moraine  of  tbe  "  Grand  River  lobe."     Tte-e 
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flnvial  planes  as  late  as  the  early  glacial  period.  His  obeerva- 
tioDS  together  with  the  earlier  ones  of  Dr.  H.  M.  Chance  of 
the  Pennsylvania   Geological  Survey,  are  to  the  efEect  that 
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Brflanation  nf  Map. — The  shaded  portions  represent  moraines.  Their  map- 
piDg  U  complete  onl;  Iwtween  the  Cuvaho^  river  and  I.ako  CtiautAUqua.  Striae 
are  repreeented  by  arrows  and  indicate  liie  geuoriil  divei^uce  from  the  axea  at 
tbe  lobes.  Tbe  numbere  indicate  villages  and  cities  aarollowa:  (1)  Loitsville, 
Penn.;  (2)  Titusvilln,  Penn.;  (3)  Mendvilie,  Penn.;  (41  Erie.  PeoD. ;  f5)  Ashta- 
bula, O. ;  <6)  PaiDesTille,  O. ;  (1)  Akron,  O  ;  (8)  Onion.  0. ;  (9)  Braceville,  0. ; 
(10)  UaTitUburg.  0.;  (II)  Nilea,  O. ;  (12)  YonnKSCOwn,  O. ;  113)  LowelWillo,  O. ; 
(IJ)  Kdenburg.  Penn.;  (IB)  Nencaatle,  Pa,:  (16)  Greenville,  Pa.,  (IT)  RajrmQtOD, 
Pean.;  (IS)  Oil  City,  Penn. ;  (19)  Beaver,  Peon. 

flurial  material  containini;  crystalline  erratics  of  Canadian 
■  derivation  occurs  along  the  Allegheny  river  on  this  terrace. 
This  determination  is  of  great  importance  since  it  hringe  all 
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the  erosion  of  the  tower  300  feet  of  the  Allegheny  valiej 
within  the  earlier  e;lacial  and  the  interglacial  epoch,  xtA 
throws  doubt  upon  the  preelacial  age  of  the  bnried  chann?K 
although  they  are  plainly  older  than  the  moraine-headed  ter- 
races of  this  re^on. 

The  fact  that  the  Allegheny  and  Monon^aliela  river-bdi 
had  become  coated  to  considerable  depth  with  fluvial  debris 
(10  ft.±)  liy  the  cl»se  of  the  earlier  glacial  period  ie  evident* 
that  the  Btreams  had  reached  a  base  level  at  a  still  earlier  dite, 
and  makes  it  probable,  though  not  demonstrative,  that  the  ex- 
cavation to  the  level  of  the  npper  rock  plane  of  the  eeren) 
lines  of  drainage  which  subsequently  united  to  form  tk 
Allegheny  was  prcgiacial.  If  not  preglacial,  it  must  b»ve 
been  accomplished  during  the  earlier  part  of  the  first  gtaciii 
epoch. 

In  Mr,  Foslmy's  ])aper  the  high  level  terrace  along  the  Bet 
vcr  river  is  dii^cussed  aa  "  an  old  base-level  plane,  and  Pn> 
fessor  I.  C,  White,  in  his  report  on  Beaver  County,  Pcnnsrl- 
vania,  calls  it  the  "fourth  terrace."* 

It  has  been  identified  by  these  writers  aB  far  north  a*  the 
month  of  the  Connof{iieues8ing  where  the  terminal  moraine  of 
the  later  drift  lies  upon  it.  Mr,  Foshay  calls  attention  totlie 
important  fact  that  this  terrace  has  a  northward  descent  from 
the  month  of  Beaver  river  to  the  terminal  moraine,  awl 
President  Chamberlin  has  shown  that  the  high  terrace  of  the 
lower  Allegheny  and  the  Monougahela  deseende  with  the 
present  streams  to  their  junction  not  far  above  the  mouth  of 
the  Beaver  river;  all  of  which  evidence  favors  the  hypotheeii 
that  the  lower  factors  of  the  Allegheny  river  and  the  Monou- 

'  ela  discharged  toward  the  Lake  Erie  basin  along  the  coor^ 
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Beaver  river  route  will  be  strong.  If  high-level  terraces  occur, 
A  thej  doubtless  do,  on  the  Ohio  between  the  mouth  of  the 
Beaver  and  Wellsburg,  West  Virginia,  the  supposed  old  divide, 
»tid  these  terraces  decline  totoard  the  mo^lth  of  the  Beaver^  i.  e. 
^ofitrary  to  the  present  stream^  then  the  demonstration  that  the 
>ld  course  was  to  the  north  through  the  Beaver  valley  will  be 
sfisentially  complete. 

It  is  to  be  hoped  that  Mr.  Foshaj,  who  is  practically  on  the 
pround,  will  pursue  to  a  demonstration  the  hypothesis  he  has 
ilready  rendered  so  highly  probable. 

As  to  the  course  which  this  old  river  pursued  north  of  the 
Doraine  on  the  Beaver  (assuming  that  it  took  this  course) — 
«rhether  along  the  present  route  of  the  Mahoning  or  that  of 
;he  Shenango — there  seems  to  be  no  demonstrative  evidence. 
S'one  of  Mr.  Foshay's  data  bear  definitely  on  this  point.  The 
Chenango  valley  all  the  way  from  its  mouth,  7-8  miles  north 
>f  where  the  high-terrace  is  lost  under  the  moraine,  to  the 
Pymatuning  swamp  on  the  Erie  divide  where  it  connects  with 
the  valley  of  Ashtabula  creek  flowing  into  Lake  Erie,  is 
broader  than  that  of  the  Mahoning  from  its  mouth  to  the  Erie 
iivide  near  Warren,  Ohio;  its  bluffs  are  less  abrupt  and  its 
i^neral  aspect  that  of  a  valley  older  as  well  as  larger  than  that 
yt  the  Mahoning.  Moreover  the  lower  Mahoning  valley  be- 
comes very  narrow  in  the  vicinity  of  Lowell ville,  Ohio,  having 
ibrupt  bluffs  with  a  breadth  at  base  of  but  about  one  fourth 
mile,  which  is  too  narrow  to  make  it  probable  that  it  is  a  con- 
tinuation of  the  old  river  under  consideration,  whose  breadth 
ibove  is  much  greater  and  whose  slopes  are  more  worn  and 
receding.  The  narrowing  at  this  point  fits  well  the  hypothesis 
khat  here  was  the  preglacial  divide  between  a  stream  running 
northwest  into  the  Grand  river  basin  and  one  running  south- 
east to  join  the  old  river  under  discussion  at  the  present  mouth 
jf  the  Mahoning.  Furthermore,  the  main  preglacial  valley  of 
the  Grand  river  basin  seems  to  have  entered,  not  from  the 
southeast  along  the  lower  Mahoning  but  from  the  south  along 
the  upper  Mahoning  from  the  direction  of  Alliance,  Ohio, 
there  being  a  comparatively  low  belt  several  miles  wide  along 
the  upper  (north  flowing)  part  of  the  Mahoning,  with  low 
bluffs  and  a  gradual  rise  both  to  the  east  and  the  west  of  the 
river.  The  relative  elevations  of  the  present  divides  on  the 
Mahoning  and  Shenango  routes  respectively,  do  not  help  us 
much  in  this  question,  smce,  in  the  first  place,  we  cannot  trace, 
or-  at  least  have  not  traced,  the  terraces  which  mark  the  old 
river  bed, — the  present  surface  divide  and  the  present  rock 
divide  being  matters  of  more  recent  formation — and,  in  the 
second  place,  an  eastward  differential  uplift  is  known  to  have 
taken  place.      The  uplift  referred    to  is  well  shown   by  the 
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higlieBt  of  the  beaches  in  the  eafitero  part  of  the  expanded 
Lake  Erie.  Thie  beach  is  fnlly  80  feet  higher  immediatd; 
north  uf  Chautauqua  lake  tliau  it  is  at  the  Grand  river  basin. 
Since  thiB  amount  of  differential  uplift  has  occurred  dtuinjt 
the  short  time  since  the  lake  occupied  this  beach,  it  beoomes 
necessary  to  allow  for  even  greater  changes  either  of  depres- 
sion or  of  uplift  ill  the  much  longer  period  that  has  elapsed 
since  the  high-level  terraces  along  the  Btreama  of  weateiu 
Pennsylvania  were  formed. 

On  the  wliole,  therefore,  the  balance  of  evidence  favors  the 
Shenango  as  against  the  Muhoning  route,  but  the  queetion  is 
still  an  open  one.  Tlie  definite  conclusions  of  Mr.  PoehiT 
supported  by  uiap  and  proposed  name  do  not  seem  to  be  war 
ranted  by  the  present  state  of  evidence,  or  even  to  represent 
the  probabilities  of  the  case. 

Intergiai-'ial  valieyn  {Jiun'fd  channeU). — As  the  high-level 
base-plane  has  lieen  demonstrably  connected  with  the  earlier 
glacial  epoch  by  Dr.  Chance  and  President  Chamberlin,  tbe 
channels  cut  in  it  are  obviously  of  later  age;  and  it  is  impor- 
tant that  the  existing  broad  distinction  between  the  interglacial 
and  preglacial  channels  of  this  region  be  kept  in  mind;  the 
preglacial  channels  have,  so  far  as  yet  identified,  a  fluvial  plane 
far  above  that  of  tlic  present  streams,  while  tbe  interglaeial 
channels  have  a  rock  noor  in  large  part  bolow  the  preeeot 
streams. 

The  study  of  tbe  proiiies  of  the  valley  Hoore  within  thie 
drift-covered  region,  when  combined  with  an  attempt  to 
restore  former  systems  of  drainage,  is  calculated  to  impreK 
one  with  the  fragmentary  nature  of  available  evidence  Iti« 
trnp  llji.t  i«.rtl..Ti:-  ..f  l^iif  S:nidv.  TUl  :i,„l  iMriu-li  i>i-^-cks  ;.i 
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Mahoning  or  the  Shenango  that  reveal  a  rock  surface  so  low  as 
that  near  the  junction  of  these  streams,  as  may  be  seen  from 
the  following  table  which  represents  the  deepest  borings  of 
which  I  have  knowledge. 

Table  shoioing  principal  barings  along  the   Mahoning- Orand 

River  route. 


Location. 


DlaUDc«.  I  Altitnde.       Drift.      'Rock  floor.    Aathorltj. 


Lawrence  Junct.,  Pa. 0  milea 

Bdenburg,  Pa '46    " 

State  Line,  O.  and  Pa 9       *' 

Lowellville,  0 |10-3  " 

Haaelton,  near  Youngstown..  15'6  " 

Niles,  O ,26 

Near  Southington,  0 40 

Mesopotamia,  0 47 

Kear  Rome i67'5 


760  feet.   150  feet.  610  feet.   White. 


tc 
tt 
(< 


730 
810 
826 
831 
854 
870 
850 
820 


n 
t( 
tt 
tk 

t( 
tt 
n 
(t 


200?  " 

80       '• 

?        " 

90       " 

J  90     " 

222  +  " 

;208?  " 

170  +  " 


580?  " 
1730  " 
?  " 
741  " 
674  *' 
648-" 
642?  " 
650-  •' 


tt 


Newbeny. 

I 

Foshay* 

!      *'     ♦ 

iLeverett. 

I       It 

tt 


*  Given  in  letter  to  the  writer. 


The  thickness  of  drift  at  Edenburg  is  a  disputed  question, 
some  citizens  maintaining  that  the  greatest  amount  penetrated 
was  140  feet  where  the  level  of  the  well-mouth  was  12-20  feet 
above  the  river,  while  others  hold  the  opinion  that  the  drift 
extends  about  200  feet  below  the  river.  The  borings  were 
made  nearly  thirty  years  ago,  and  no  records  are  known  to  have 
been  preserved,  consequently  much  allowance  should  be  made 
for  inaccuracies.  It  may  be  necessary  to  add  75  feet  to  denote 
the  true  altitude  of  the  rock  floor  at  this  point.  However,  as 
there  is  a  possibility  that  the  rock  floor  is  as  low  as  indicated  I 
leave  it  as  given  by  Prof.  White  and  Mr.  Foshay. 

The  borings  at  Niles,  Ohio  (No.  11,  on  map),  are  cited  by 
Mr.  Foshay  as  fixing  the  position  of  the  old  channel  at  that 
point,  if  northward  differential  uplift  be  taken  into  account. 
The  amount  of  differential  uplift  required  if  the  rock  floor  is 
but  580  feet  A.  T.  at  Edenburg,  is  1\  feet  per  mile,  allowing 
the  stream  no  fall  between  Edenburg  (No.  14),  and  Niles; 
and  9f  feet  allowing  the  stream  a  fall  of  one  foot  per  mile, 
Niles  being  1 2  miles  farther  north  than  Edenburg  and  about 
22  miles  distant  by  the  stream,  while  the  valley  floor  there  is 
94  feet  higher  than  at  Edenburg:.  If  we  are  allowed  to  assume 
an  uplift  of  9f  feet  per  mile,  or  even  of  7|  feet,  nearly  every 
large  stream  tributary  to  the  Ohio  from  the  State  of  Ohio,  as 
well  as  the  lower  Allegheny  and  the  Monongahela,  could  be 
carried  into  the  Lake  Erie  basin,  and  we  could  if  we  saw  fit 
attach  to  the  Lake  Erie  basin  all  the  southern  tributaries  of 
the  Ohio  from  West  Virginia  and  eastern  Kentucky, 
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In  the  above  calculation  a  oontinuons  deep  chaDnel  from 
Edenbnrg  to  Niles  is  assumed  but  there  is  evidence  against  the 
validity  of  this  assumption.  At  Lowellville,  Ohio  (No.  13),  the 
Mahoning,  as  has  been  noted  by  Dr.  Newberry,*  hasarockj 
bed,  an  examination  of  the  valley  at  this  village  for  the  pur- 
pose of  finding,  if  possible,  evidence  of  a  deep  channel  leadios 
through  it  convinced  me  that  not  only  is  there  no  evidence  of 
its  existence  but  on  the  contrary  the  rock  is  exposed  at  fre- 
quent intervals  throughout  the  whole  width  of  the  valley,  the 
village  as  well  as  the  river  bed  being  upon  rock.  The  ont- 
crops  are  so  frequent  that  there  appears  to  be  no  room  for  a 
gorge  so  much  as  100  yards  in  width,  much  less  for  one  suffi- 
cient to  be  the  outlet  of  such  a  stream  as  must  have  been  dis- 
charged by  the  Monongaliela  and  lower  Allegheny  rivers.  It 
therefore  appears  that  the  hypothesis  of  a  discharge  northward 
along  the  Mahoning  route  involves  a  hypothetical  uplift  of  an 
improbable  amount,  wholly  unsustained  by  evidence,  and 
further,  that  the  constriction  of  the  valley  at  Lowellville  males 
the  route  an  inherently  improbable  one. 

I  have  also  examined  the  Shenango  valley  for  the  purpose 
of  discovering  a  northward  outlet  for  the  deep  channel  at 
Edenburg.  The  rock  floor  of  this  valley  is  struck  at  several 
points  about  125  feet  below  the  present  stream  and  aeems  to 
slope  with  the  present  stream,  southward,  instead  of  toward 
the  Erie  basin.  At  Greenville  several  borings  have  been  made 
which  test  quite  well  the  valley  throughout  its  entire  width, 
and  no  channel  of  greater  depth  exists  unless  it  he  a  narrow 
gorge  inadequate  for  the  passage  of  a  lai^  stream.  The  level 
of  the  lowest  part  of  the  valley  floor  through  much  of  the  busi- 
ne^f.  |.,.niori  of  the  citv  Is  ali.-ut.  SIT.  fe-et  A.  T.     This  is  155 


Western  Pennsylvania.  207 

glacial  terraces  from  its  northern  tributaries  above  Wellsburff, 
West  Virginia,  and  all  these  terraces  continue  down  the  Ohio 
and  have  a  fall  as  great  as  the  present  stream,  showing  that  an 
open  valley  existed  previous  to  the  later  glacial  period  and 
that  its  stream  has  since  this  glacial  period  ^een  reexcavating 
a  channel  partially  filled  by  glacial  gravels.  .  Furthermore,  gas 
well  borings  at  Wellsburg,  West  Virginia,  where  Mr.  Foshay 
has  placed  the  old  watershed,  show  the  rock  floor  there  to  be 
but  690  feet  A.  T.  or  10  feet  lower  than  it  is  known  to  be  at 
any  point  along  the  Ohio  in  Pennsylvania.  A  carefully  pre- 
pared report  of  a  well  has  been  sent  me  by  Millard  E.  feoyd, 
Esq.,  city  engineer  of  Wellsburg,  in  which  the  character  and 
thickness  of  drift  are  given  and  the  altitude  of  the  rock  floor 
is  referred  to  low  water  in  the  Ohio,  from  which  it  appears 
that  the  drift  below  the  level  of  low  water  mark  is  gravel, 
showing  vigorous  drainage,  and  the  rock  floor  is  40*58  feet 
below  low  water.  Mr.  Boyd  states  that  within  a  radius  of  two 
miles  about  thirty  wells  have  been  made  and  that  those  on  the 
same  bottom  with  the  one  reported  all  show  the  rock  floor  to 
have  about  the  same  altitude  (590  feet  A.  T.) 

This  evidence  from  the  Ohio  valley  seems  conclusive  that 
the  Monongahela  and  Allegheny  rivers  had  their  present  course 
down  the  Ohio  in  the  interglacial  period  and  have  held  it  con- 
tinuously from  that  time  to  the  present. 

In  view  of  the  results  arrived  at  by  the  study  of  this  portion 
of  the  Upper  Ohio  district,  we  are  naturally  led  to  examine 
the  nature  of  the  evidence  put  forth  by  Mr.  J.  F.  Carll  some 
years  ago,*  as  a  demonstration  that  the  buried  channels  of  the 
upper  Allegheny,  Conewango,  Oil,  and  French  creeks  have 
an  outlet  into  the  Lake  Erie  nasin.  In  discussing  this  evidence 
the  buried  channels  (interglacial  fluvial  planes)  only  are  con- 
sidered and  no  account  is  taken  of  the  high  terraces  (pregla- 
cial  fluvial  planes)  since  these  high  planes  have  not  been 
sufl&ciently  investigated  north  of  the  glacial  boundary  to  enable 
one  to  form  an  opmion  concerning  them. 

The  numerous  oil  well  borings  show  that  the  valley  floors  of 
several  northern  tributaries  of  the  Allegheny  have  higher 
altitudes  near  the  mouths  of  these  tributaries  than  they  have  a 
few  miles  upstream.  For  example,  in  the  Conewango  valley 
the  rock  floor  is  129  feet  lower  at  Fentonville,  near  the  State 
line  of  New  York  and  Pennsylvania,  than  it  is  at  the  mouth  of 
the  stream,  13  miles  south,  and  the  rock  floor  of  Little  Broken- 
straw  valley  is  148  feet  lower  at  Lottsville,  Penn.  (No.  1), 
than  where  its  waters  join  the  Allegheny  15  miles  below.  In 
other  tributaries  of  the  Allegheny  the  descent  of  the  rock,  floor 
begins  a  few  miles  above  the  mouth ;  thus  in  Oil  creek  the 

♦  Penn.  2d  6eol.  Survey  III,  1880,  pp.  330-366. 
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valley  floor  has  ite  highest  point  near  TitQsrille,  Fenn.  (No.  9), 
and  there  is  a  descent  of  66  feet  Id  eieht  inileB  npetream.  The 
vallej  floor  of  French  creek  rises  for  live  or  six  miles  npetream, 
bnt  near  Meadville  (No.  3),  25  miloB  above  ite  month,  the 
rock  floor  is  about  150  feet  lower  than  at  the  mouth  of  the 
creek.  The  floor  of  Big  Sandy  creek  rises  from  its  month  to 
the  vicinity  of  Raymilton  (No.  17),  but  descends  above  that 
village,  being  fully  40  feet  lower  at  Sandy  Lake  than  at  Kay- 
milton.  Borings  are  sufficiently  numerons  to  show  a  strong 
probability  that  these  valley  noors  have  no  ehaanelB  deep 
enougli  to  drain  them  southward,  but  unfortunately  tliey  are 
not  Buflicient  to  demonstrate  whether  or  not  there  is  a  contino- 
oos  descent  to  the  Lake  Erie  basin  from  any  of  the  points 
noted.  Mr.  Carll  has  shown  that  there  appears  to  be  no 
obstacle  to  the  northward  continuation  of  the  Conewango  val- 
ley past  Cassadaga  lake  into  Lake  Erie,  though  it  is  necessary 
to  assume  about  500  feet  of  drift  filling  at  the  watershed. 
Similarly,  to  give  French  creek  a  northern  ontlet  by  way  of 
Conneaut  lake  and  CouTieaut  creek  a  drift  fllling  of  over  300 
feet  at  the  watershed  north  of  Conneaut  lake  must  be  assumed. 
Inasmuch  as  the  northward  drainage  of  these  buried  chan- 
nels remains  an  open  question,  a  brief  consideration  of  other 
hypotheses  to  account  for  the  phenomena  seems  called  for.  A 
certain  amount  of  northward  descent  may  prove  to  be  doe 
to  crust-deformation.  The  beaches  about  Lakes  Erie  and 
Ontario,  and  those  of  the  Glacial  Lale  Agassiz,  as  is  well 
known,  indicate  clearly  a  northward  differential  uplift  accom- 
panying the  retreat  of  the  ice,  but  they  indicate  nothing  as  to 
the  depression  that  preceded  this  uplift.  In  the  opinion  of 
thoae  wiu.    li:ivi'  lnvc-ti    inu^t    attention  to  these    buaches,  tbi^ 
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through  which  it  flowed  is  an  open  question,  but  that  sub- 
glacial  waters  exerted  a  peculiar  eroding  power  in  certain  places 
near  the  ice  margin  is  conclusively  shown  in  various  parts  of 
the  glaciated  district  by  the  presence  of  large  channels  made 
by  them.  Some  of  these  ai*e  remote  from  present  streams  and 
have  been  little  affected  by  post-glacial  erosion  Their  trend 
is  in  line  with  the  striation  and  approximately  at  right  angles 
with  the  moraine.  They  are  often  occupied  by  osars  and 
hence  are  called  "  osar  troughs."  These  troughs  or  channels 
sometimes  rise  toward  the  moraine  at  the  rate  of  several  feet 
per  mile,  and  vet  the  material  in  the  osars  lying  in  them  shows 
conclusively  that  the  flow  was  in  that  direction.  The  water 
seems  to  have  been  forced  upward  toward  the  ice  margin  by 
the  weight  of  the  ice  sheet  and  by  hvdrostatic  pressure.  These 
oear  troughs  were  formed  just  beiore  the  ice  made  its  final 
retreat,  but  the  eroding  power,  of  which  they  are  the  product, 
was  probably  in  operation  in  earlier  stages  of  the  ice  invasion. 
The  outer  moraine  in  the  district  under  discussion  is  a  complex 
one,  the  equivalent  of  several  moraines  farther  west  that  indi- 
cate a  succession  of  advances  and  retreats  of  the  ice  front.  In 
the  early  stages  the  rock  floors  of  these  valleys  may  have  been 
deepened  in  places  by  the  subglacial  streams  in  the  same  man- 
ner as  the  osar  troughs  were  produced.  By  reference  to  the 
accompanying  map  it  will  be  seen  that  every  valley  in  which 
a  very  low  rock  noor  has  been  reported  has  a  trend  approxi- 
mately at  right  angles  with  the  moraine  and  in  line  with  the 
ice  movement;  that  is,  such  a  trend  as  to  invite  the  flow  of 
ice  and  of  subglacial  waters.  Furthermore  it  appears  that  in 
every  case  the  lowest  known  point  of  the  rock  channel  in  these 
several  valleys  is  near  the  inner  border  of  the  moraine.  In 
case  it  is  found  that  no  northward  outlets  exist  the  most  plausi- 
ble explanation  for  the  low  altitude  at  these  points  would  seem 
to  be  a  deepening  of  the  channels  here  below  their  main  out- 
lets by  subglacial  waters  assisted,  perhaps,  by  the  ice  itself. 

Summing  up  all  the  available  evidence,  it  appears  that  no 
northward  outlets  have  been  found  for  the  low  channels  just 
within  the  moraine  on  these  several  streams  which  are  not 
embarrassed,  either  by  a  rise  in  the  rock  floor  or  an  extraordi- 
nary amount  of  drift.  In  the  streams  under  special  considera- 
tion, the  Shenango,  Mahoning  and  Beaver,  it  appears  that  the 
rock  floor  rises  in  all  directions  from  Edenburg,  unless  there 
be  a  descent  down  the  Beaver.  The  obstacles  to  a  northward 
discharge  of  these  streams  seem,  on  the  whole,  greater  than 
those  in  the  way  of  a  southward  discharge.  In  the  Mononga- 
hela,  lower  Allegheny  and  the  Ohio  valleys,  the  available 
evidence  all  indicates  southward  discharge  along  the  present 
course  of  the  Ohio  from  the  interglacial  period  to  the  present 
time. 


210  F.  Leverett — Pleistocene  Flitvial  Planes  of 

Taking  into  consideration  all  tbe  known  facte,  it  certainlv 
seems  premature  to  urge,  without  distinct  qualiii cation,  the 
acceptance  of  a  hypothesis  of  northward  drainage  for  any  of 
these  streams  during  the  interglacial  epoch,  and  much  more  eo 
to  impose  a  name  for  the  unproven  river. 

Moraine-headed  terraces. — President  Chamberlin'e  descrip- 
tion of  the  moraine-headed  terraces  and  general  remarks  npon 
the  history  of  the  several  flnviai  planes  embody  so  well  the 
essential  facts  that  further  remarks  are  unnecessary.  From 
his  paper  the  following  extracts  are  taken  verbatim.* 

"The  third  gronp  of  terraces  are  sharply  distingnishable 
from  those  which  have  just  been  considered;  first,  in  tbe  fact 
that,  instead  of  being  rock  platforms  covered  by  fluvial  mate- 
rial, they  arc  made  up  bodily  of  coarse  alluvinm,  mainly  gravel. 
They  have  their  chief  development  in  the  rivers  entering  the 
Ohio  from  the  north,  and  wlieu  traced  ap  they  are  found  ti> 
head  on  one  of  tlie  moraines  of  the  later  glacial  epoch,  or  at 
least  of  a  later  glacial  epoch  following  at  a  considerable  inter- 
val an  earlier  one.  The  uppermost  of  these  terraces  has  for  its 
surface  plane  the  ancient  flood  deposits  of  the  glacier-fed  streams. 
The  lower  terraces  liavu  been  cut  out  of  it  by  subsequent 
erosion.  Near  the  moraine  this  upper  glacial  flood  surface 
may  be  traced  continuously,  rising  somewhat  rapidly  as  the 
moraine  is  approached,  and  passing  gradually  into  a  series  of 
undulations  which  merge  into  the  gravelly  knobs  and  basins, 
and  thence  into  the  unassorted  hills  of  the  moraine.  This 
relationship  was  satisfactorily  observed  by  Mr.  Gilbert  ami 
myself,  separately  or  jointly,  on  Conewango  creek,  near  Kds- 
sellburg;  on  tbe  Little  Brokenstraw,  near  Freehold;  on  the 
Bi^r  Brokonstraw.  near  Y 
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terrace  rises  127  feet  above  the  Ohio,  according  to  a  lock-level 
measnrement  by  Mr.  Gilbert. 

Similar  raoraine-headed  terraces  occur  in  Ohio  on  the  Mus- 
kingnm,  Scioto,  and  Mad  rivers  and  their  tributaries,  and 
seem  to  have  their  equivalent  in  terraces  on  the  lower  stretches 
of  these  rivers  and  on  the  Ohio.  In  other  words,  there  is  a 
general  system  of  deep  valley  gravels,  starting  from  the  mo- 
raines indicated  and  sweeping  down  the  valleys,  growing  pro- 
gressively finer  in  material.  Out  of  these  glacial  nood  deposits 
a  svstem  of  terraces  has  been  cut  by  subsequent  erosion.  The 
stifl  later  glacial  episodes  seem  to  have  introduced  modifying 
elements,  but  these  are  unimportant  in  this  connection. 

The  time  and  manner  of  origin  of  the  moraine-headed  terrace 
planes  are  placed  beyond  question  by  their  morainic  connec- 
tions. They  are  clearly  the  products  of  the  streams  that 
issued  from  the  glacier  during  the  moraine-forming  epoch. 
The  carving  of  the  terraces  out  of  these  planes  was  chiefly  a 
subsequent  work,  of  relatively  minor  importance  in  the  present 
discussion.  The  coarseness  of  the  gravels  of  this  series  indi- 
cates vigorous  drainage,  which  in  turn  implies  an  open  valley 
and  at  least  a  fair  gradient  below.  It  is  equally  evident  that 
terraces  of  a  much  higher  level  and  different  gradient  could 
not  have  been  formed  at  the  same  .time.  Minor  side-valley 
terraces  might  have  been  formed  at  flood  stages,  but  only  to 
the  height  of  the  maximum  floods,  and  these  must  have  had 
the  same  slope  as  the  broad  flood  planes. 

It  is  clear  that  the  upper  gravel-bearing  terraces  were  not 
formed  at  the  same  stage  as  these  moraine-appended  ones,  for 
they  are  not  onW  of  a  different  type,  being  alluvium-covered 
rock  platforms,  but  they  stand  high  above  most  of  the  morainic 
heads  of  the  later  deposits  and  show  much  greater  antiquity  in 
the  erosion  of  their  surfaces.  For  example,  at  Warren  the  old 
gravels  have  an  altitude  of  1415  feet  above  sea-level,  with  a 
terrace  at  1395  feet,  while  the  moraine-headed  flood  deposits 
of  the  later  epoch  at  Russellburg,  eight  miles  upstream,  occur 
at  about  1275  feet.  On  the  Beaver  river  the  moraine-headed 
gravel  stream  has  an  elevation  of  a])ont  830  feet,  while  along 
the  valley  below  pebbles  referred  to  the  earlier  epoch  range 
from  900  to  950  feet,  and  ten  miles  below  there  is  a  wide  rock- 
based  terrace  at  about  885  feet.  But  these  higher  gravels  con- 
tain pebbles  of  granite  and  other  crystalline  rock,  whose  pres- 
ence is  only  to  be  accounted  for  through  glacial  agencies,  and 
the  explanation  of  their  origin  must  embrace  that  element " 

"The  higher  glacial  gravels  antedated  those  of  the  moraine- 
forming  epoch  by  the  measure  of  the  erosion  of  the  channel 
through  the  old  drift  and  the  rock,  whose  mean  depth  here  is 
about  300  feet,  of  which,  perhaps,  250  may  be  said  to  be  rock. 
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The  excavation  that  intervened  between  the  two  epochs  in 
other  portions  of  the  Allegheny,  Monongahela,  and  Upper 
Ohio  valleys  ie  closely  comparable  with  thia 

In  view  of  these  facte  it  seems  scarcely  leas  than  proven  that 
it  wa8  the  earlier  invasion  of  ice  that  reversed  the  drains^ 
and  partially  filled  the  valleys  with  debris,  forming  the  capping 
of  glacial  gravel  that  rests  upon  the  upper  terraca" 

"  From  the  fact  that  the  liaviat  material  in  these  abandoned 
channels  and  on  the  corresponding  terraces  in  the  Moaonsaheli 
valley  is  wholly  locals  or  southern,  while  among  the  analc^os 
material  of  the  Allegheny  there  mingle  crystalline  erratics  of 
Canadian  derivation,  and  from  the  evidence  given  above,  we 
draw  the  inference  that  the  partial  filling  was  coincident  with 
some  stage  of  tlie  earlier  glaciation,  presnmably  a  late  stage. 
This  view  gathers  some  support  from  the  now  well  sustained 
belief  that  a  general  depression  and  slackening  of  drainage 
accompanied  the  earlier  glaciation. 

Following  this  episoae  of  valley-filling  and  earlier  glacia- 
tion there  was  a  prolonged  epoch  of  rapid  erosion  of  the  valley 
bottom,  which  was  apparently  coincident  with  an  interglacial 
epoch,  and  was,  pernaps  the  result  of  the  resilience  of  the 
land  after  the  glacial  depression.  During  this  epoch  the  rock 
gorges  were  cut  down  to  the  rock  bottoms  that  now  lie  forty 
feet  or  more  below  the  present  river  bottoms.  Then  came  the 
later  invasion  that  halted  at  the  outer  terminal  moraine,  whoee 
overloaded  floods,  like  those  of  the  preceding  glacial  incnrsion, 
tilled  the  valley  bottoms  with  glacial  alluvium  ;  only,  in  this 
instance,  in  harmony  with  the  more  vigorous  character  of  the 
later  glaciation,  the  filling  reached,  at  some  points,  300  feet. 
Since  tliat.  ti»if  there  liiis  heen  iinntlier  i;t:ii.'e  ..f   a^-xeavatioii, 
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Akt.  XIX. — A  method  for  the  Determination  of  Antimony 
and  its  condition  of  Oxidaiion ;  by  F.  A.  GoocH  and 
H.  W.  Gruener. 

[Gontribntioiis  from  the  Kent  Chemical  Laboratory  of  Yale  College. — YIII.] 

Bunsen's  method  of  determiDing  qualitatively  the  condi- 
tion of  oxidation  of  salts  of  antimony,  by  boiling  these  sub- 
stances in  solution  with  potassium  iodide  and  hydrochloric 
acid  and  noting  whether  the  liquid  takes  the  color  of  free 
iodine,  has  been  applied  successfully  to  the  quantitative  deter- 
mination of  antimony  in  its  highest  condition  of  oxidation  by 
Weller,*  who  distils  the  iodine  from  the  solution,  collects  it  in 
the  distillate  and,  determining  it  voluraetrically,  calculates  from 
the  amount  of  it  found  the  antimonic  salt  which  sets  it  free 
according  to  the  equation 

SbCl.  +  2n-I=SbCl"  +  2HCI  +  I-I. 

The  advantage  of  treating  the  residue,  rather  than  the  distil- 
late, in  analytical  processes  in  general  which  involve  distillation 
is  so  obvious  as  to  constrain  us  to  seek  conditions  under  which 
Bunsen's  reaction  may  be  applied  in  such  manner  that  the 
antimony  shall  be  held  and  estimated  directly  in  the  residue. 
The  general  plan  of  work  was  laid  down  in  a  similar  process 
elaborated  in  this  laboratory  for  the  reduction  of  arsenic  acid.f 
According  to  this  process  the  arsenic  to  be  reduced  is  taken  in 
a  solution  of  appropriate  dilution,  and  treated  with  sulphuric 
acid  in  adjusted  amount  and  an  excess  of  potassium  iodide. 
The  liquid  thus  prepared  is  boiled  to  a  definite  degree  of  con- 
centration, the  iodine  then  remaining  unexpelled,  if  any^  is 
bleached  by  the  very  careful  addition  of  dilute  (centinormal) 
sulphurous  acid,  and  the  liquid  is  immediately  diluted  and 
neutralized.  After  cooling,  the  reduced  arsenic  is  titrated  by 
standard  iodine  in  presence  of  starch. 

We  found  in  preliminary  experimentation  that  the  same 
general  plan  of  treatment  is  available  in  the  handling  of  antir 
monic  compounds,  but  it  is  necessary  to  take  precautions  to 
prevent  the  deposition  of  the  antimony  from  solution  upon  the 
addition  of  the  sulphuric  acid.  Tartaric  acid  accomplisnes  this 
effect  satisfactorily  and  does  not,  as  the  result  proved,  intro- 
duce undesirable  complications.  It  transpired  also  that  the 
dilution  of  the  solution  at  which  the  crystalline  iodide  or  oxy- 
iodide  separates  out  during  the  boiling  is  greater  than  is  the 
case  when  similar  amounts  of  arsenic  are  dealt  with.  It 
appeared,  for  example,  that  concentration  to  45cm.'  was  suffi- 
cient to  cause  crystallization  and  slight  sublimation  when  the 

*Ann.  d.  Ohem.  u.  Pharm.,  ccziii,  246. 

f  GkKxdi  and  Browniog,  this  Journal,  xl,  p.  66. 
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amount  of  antimonious  oxide  present  (with  excess  of  pote- 
sinm  iodide  and  lOcin.'  of  sulphuric  acid,  1 : 1)  w&e  approxi- 
mately 0-3  grm.  Otherwise  the  process  as  employed  in  the 
rednction  of  arsenic  appeared  to  be  applicable  to  the  Bimilai 
treatment  of  antimony. 

The  following  quantitative  experiments  were  undertaken  Co 
discover  the  condition  of  concentration  best  suited  to  the 
reduction  of  antimonic  salts  under  circumstances  otberwiee 
like  those  adapted  to  the  reduction  of  arsenic,  and  to  test  tlie 
perfection  of  tlie  process.  Definite  amounte  of  tartar  emetic, 
purified  by  recrystailization,  were  used  to  make  the  antimonic 
salt  to  be  afterward  reduced,  the  antimony  being  raised  to  the 
highest  degree  of  oxidation  liy  titration  witli  standard  todioe 
after  the  addition  of  sodium  tartrate  (to  prevent  the  precipita- 
tion of  the  antimony  during  the  process  of  oxidation)  and 
hydrogen  sodium  carbonate  in  the  nsual  excess.  In  thii 
process  starch  was  sometimes  employed  to  give  the  end  rett- 
tion,  and  sometimes  reliance  was  placed  upon  the  appearance 
of  the  color  of  free  iodine,  experience  having  indicated  that 
the  use  of  the  starch  is  not  essential  when  the  solutions  are 
sufficiently  small  in  volume,  though  ae  a  matter  of  course,  the 
correction  demanded  for  the  excess  of  iodine  necessary  to  give 
color  to  the  body  of  liquid  is  greater  when  starch  is  not  used 

This  treatment  of  the  tartar  emetic  served  the  double  pur- 
pose of  providing  a  perfectly  detinite  antimonic  salt  and  re- 
standardizing  the  solution  of  standard  iodine,  which  was  to  be 
used  subsequently  in  reoxidizing  the  antimony  after  its  ^ed^^ 
tioii,  against  the  tartar  emetic;  and  thus  the  imperfection  of 
the  jn-ocess,  whatever  it  may  be,  whether  in  the  reduction  or 
elsf  where,  heconies  apparent  and  is  measured  immediately  bj 
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cimately  decinormal.  Four  grams  of  tartaric  acid 
^dded,  and  dilute  snlphnric  acid,  if  the  solution  still 
led  alkaline,  to  faint  acidity.  In  addition  10  cm."  of  a 
re  of  sulphuric  acid  and  water  in  equal  parts  were  intro- 

and  the  liquid  was  boilied  after  introducing  a  platinum 
to  prevent  bumping,  and  a  trap  made  of  a  two-bulb  dry- 
ibe  cut  short  and   nung,   large   end  downward,  in  the 

of  the  flask,  to  prevent  mechanical  loss.  At  the  chosen 
\  of  concentration,  determined  by  marks  upon  the  flask, 
riling  was  stopped,  the  color  bleached  by  the  cautious 
m  of  sulphurous  acid  (approximately  centinormal),  and 
lution,  nearly  neutralized  with  sodium  hydrate,  made 
le  by  hydrogen  sodium  carbonate  added  in  an  excess 
iting  to  about  20  cm.*  of  the  saturated  solution,  was 
d  with  the  standard  (decinormal)  iodine  after  the  addi- 
f  a  fresh  portion  of  starcli. 

le  I,  contains  the  account  of  experiments  in  which  the 
amounts  of  antimony  were  employed. 

Table  I. 
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0-5023 

02178 

0-3827 

0-2178 

00000 

06015 

02175 

0-3806 

0-2166 

00009- 

0-5007 

0-2172 

0-3814 

0-2171 

0-0001- 

0-5039 

0-2185 

0-3839 

0-2185 

0-0000 

0*5001 

0-2169 

.0-3818 

0-2173 

0-0004  + 

0-5004 

0-2170 

0-3825 

0-2176 

0-0006  + 

results  of  these  experiments  indicate  unmistakably  that 
ete  reduction  may  be  brought  about  under  the  conditions, 
at  concentration  to  a  volume  of  from  45  cm/  to  55  cm.* 
;  the  boiling  is  not  only  advantageous  but  necessary, 
lean  error  of  the  determination  in  which  the  tinal  volume 
thin  these  limits  was  zero  between  limits  of  0  0009  grm. 
)'0006  grm. 4-.  In  both  determinations  in  which  a  final 
e  of  45  cm/  was  reached,  and  in  one  of  the  experiments 
ich  the  final  volume  was  50  cm.*,  the  formation  of  the 
line  antimonious  iodide  or  oxyiodide  in  the  liquid  was 

and  the  deposition  of  a  very  slight  sublimate  of  the 
salt  in  the  trap.  It  is  evident,  therefore,  that  it  would 
sardons  to  attempt  to  push   the   concentration  further. 
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la  all  these  experiments  hydriodic  acid  wag  present  in  amount 
eqaivalent  to  I'l  grin,  of  potaesiatu  iodide — 0-5  gnu.  intio- 
dnced  as  iodine  and  0-6  grm.  introduced  as  snch  in  thestui- 
dard  iodine  wliere  it  plays  the  part  of  solvent. 

In  the  experiments  recorded  in  TaWe  II,  smaller  amounts  of 
antimony  and  correspondingly  smaller  quantities  of  the  oxidi^ 
ing  solution  were  employed  ;  otherwise,  the  same  general  mode 
of  proceeding  was  followed.  The  limits  of  concentration  iiied 
upon'  were,  however,  varied  somewhat  The  previous  experi- 
ments showed  plainly  that  anything  like  a  complete  redaction 
of  the  antimony  could  not  be  anticipated  when  the  finil 
volume  was  greater  than  60  cm.',  and  the  experience  with  the 
smaller  amounts  of  antimony  treated  in  toe  second  aeries 
pointed  to  the  fact,  as  the  work  progressed,  that  for  them  the 
crystallization  and  sublimation  did  not  occur  until  the  concen- 
tration had  brought  about  a  decrease  in  volnme  to  35  cm'. 
The  limits  of  final  volume  were  placed  therefore,  for  these 
experiments,  at  tjO  cm.'  and  35  cm  .  Centinormal  iodine  wai 
used  for  the  oxidations  and  bleaching  with  sulphurom  arid 
was  found  to  be  unnecessary,  the  amount  of  iodine  liberated  in 
these  experiments  being  so  small  as  to  vanish  in  the  concentra- 
tion so  completely  that  no  color  was  visible  (nor  was  it  brought 
out  by  starcli)  after  washing  down  the  trap  and  cooling.  Then 
did  remain  a  trace  of  color  before  the  addition  of  the  water 
but  this  seemed  to  us  to  be  due  in  all  probability  to  the  incip- 
ient formation  of  the  aiitimonious  iodide  or  oxyiodide  whini 
is  decomposed  by  the  action  of  more  water.  At  all  events  it 
disappeared  on  the  addition  of  water  and  no  reoxidation  of  the 
antimony  was  found  subsequently. 
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'eating  the  larejer  amounts.  The  only  point  in  which 
experiments  diner  essentially  from  those  of  the  previous 
\  is  in  the  quantity  of  the  iodine  solution  employed  to 
's  this  oxidation.  So  far  as  concerns  the  free  iodine  itself 
onditions  are  similar  in  both  series ;  for  the  iodine  is  con- 
d  in  both  cases  to  hydriodic  acid  exactly  equivalent  in 
Lut  to  the  antimony  acted  upon.  The  potassium  iodide 
li  is  added  in  the  iodine  solution  produces  by  action  upon 
ulphuric  acid  present  an  excess  of  hydriodic  acid,  which 
:  course,  dependent  upon  the  absolute  amount  of  the 
e  solution  employed.  The  hydriodic  acid  is  the  active 
k  in  the  reduction  of  the  antimony,  and  to  the  greater 
•action  in  the  former  series  of  experiments  might  be 
mted  the  more  complete  reduction  for  equal  degrees  of 
^ntration.  Accordingly  the  determinations  of  Table  III 
made  to  put  this  point  to  the  test.  In  these  experiments 
onditions  were  identical  with  those  of  the  determinations 
able  II,  excepting  that  in  every  case  1  grm.  of  potassium 
e  was  added  to  the  liquid  before  boiling,  thus  bringing 
otal  amount  of  hydriodic  acid  present  to  an  equality  with 
present  in  the  experiments  of  Table  I,  in  whicn  the  larger 
mts  of  antimony  were  treated.  The  results  of  these 
riments  bear  out  completely  the  hypothesis  concerning 
Qass-action  of  the  hydriodic  acid — the  smaller  amounts  of 
lony  being  completely  reduced  in  the  presence  of  the 
excess  of  hydriodic  acid  even  at  a  final  volume  of  60  cm.* 
a  maximum  error  of  0*0002  grm. — 


Table  III. 

lal 
ime. 

Tartar 
Emetic 
taken. 

SbaOs          Iodine  used 

in  final 
tAken.           oxidation. 
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• 

) 

grm. 
00500 

grm.                grm. 
0-0217              00378 

grm. 
00215 

grm. 
0-0002— 

) 

0-0500   ; 

00217               0-0379 

0-0216 

00001- 

) 

0-0500     , 

00217               00379 

00216 

00001- 

is  plain  therefore  that  we  have  in  the  phenomena  de- 
ed the  basis  of  a  good  method  for  the  iodometric  deter- 
tion  of  the  condition  of  oxidation  of  antimonv ;  for,  the 
mt  of  antimonious  salt  present  in  a  mixture  of  antimoni- 
nd  antimonic  salts  may  be  determined  by  direct  titration 
saline  solution,  and  the  total  amount  of  antimony  present 
ran  similarly  after  the  treatment  by  boiling,  as  described, 

potassium  iodide  and  sulphuric  acid,  the  amount  of 
ionic  salt  being  immediately  calculable  from  the  difference 
een  the  quantities  of  the  standard   iodine   used   as  the 
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oxidizer  before  and  after  rednetion.  The  beet  method  of 
proceednig  appears  to  be  that  in  which  the  concentration  wu 
restricted  eo  that  the  point  of  subliination  and  cr; stall! nation 
was  not  reached  and  in  wliich  the  presence  of  an  excesB  of 
potassium  iodide  was  assured. 

It  seemed  desirahle,  in  tliis  connection,  to  test  the  applica- 
bility of  the  method,  as  outlined,  to  the  reduction  and  estima- 
tion of  antimony  and  arsenic  associated  together,  as  so  often 
happens  in  practice.  The  preceding  experiments  establish  the 
fact  that  it  is  nndesirable  to  attempt,  in  treating  antimony,  to 
force  the  concentration  of  the  solntion  below  50  cm.',  nnder 
the  conditions  hiid  down  and  when  the  amount  of  antimonj 
present  is  equivalent  to  the  maximnm  with  which  we  lave 
experimented,  about  02  gnn.  of  antimonious  oxide.  In  the 
parallel  process  for  the  determination  of  arsenic  concentration 
to  40  cm"  was  recommended  in  all  cases  (the  maximum  amount 
treated  being  equivalent  to  about  033  grm.  of  arseniooE 
oxide),  but  it  was  not  shown  in  the  elaboration  of  that  process 
that  reduction  would  not  take  place  at  a  concentration  not 
quite  so  extreme.  In  the  results  recorded  in  Table  V,  which 
relate  to  experiments  which  duplicate  the  conditions  found 
most  favorable  to  the  reduction  of  varying  amounts  of  anti 
mony, — the  presence  of  the  equivalent  of  I'l  grm.  of  potaseinm 
iodide,  and  concentration  to  50  cm' — and  differ  from  tnese  only 
in  the  fact  that  arsenic  was  associated  with  antimony  in  even* 
case,  it  appears  that  the  reduction  of  arsenic  may  be  effected 
simultaneously  with  that  of  the  antimony. 
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ontlined  and  determinable  with  accuracy  by  titration  with 
ne  standardized  against  arsenious  oxide.  In  this  later 
k  we  show  that  antimony  may  be  reduced  similarly  and 
nated  satisfactorily  by  titration  against  iodine  standardized 
nst  tartar  emetic.  These  two  methods  of  standardizing  do 
yield  identical  results,  and  so  we  are  confronted  with  an 
jrent  error  in  the  process  for  estimating  antimony  and 
nic  at  once,  which  cannot  be  overcome  unless  the  individ- 
amount  of  one  or  other  constituent  may  be  otherwise 
jrmined.  If  the  determination  of  either  the  arsenic  or 
mony  is  pos8il)le  it  is,  of  course,  easy  to  calculate  with  the 
of  the  appropriate  standard  the  amount  of  the  solution  of 
ne  which  is  really  engaged  in  the  oxidation  of  this  particu- 
5onstituent,  and  the  remainder  of  the  iodine  actually  em- 
'ed,  gauged  by  the  second  standard,  will  give  the  corrected 
•unt  of  the  second  constituent. 

1  case  no  such  correction  is  feasible  it  becomes  a  matter  of 
rest  to  note  the  magnitude  of  possible  error.  Our  experi- 
3,  based  upon  many  determinations  throughout  the  course 
he  work  detailed  above,  pointed  to  a  difference  in  the 
te  of  the  two  standards  amounting  to  about  one-half  of  one 
cent.  If,  therefore,  the  weight  of  reduced  oxide  amounts 
he  maximum  whicli  we  have  experimented  with — about 
grm. — the  greatest  possible  error  will  be  0*00 10  grm.+  or 
10  grm.  — ,  according  as  the  entire  0*2  grm.  is  antimonious 
le  estimated  by  the  arsenic  standard,  or  arsenious  oxide 
nated  by  the  tartar  emetic  standard.  The  essential  features 
be  process  which  we  propose  for  the  reduction  of  antimony 
the  determination  of  its  degree  of  oxidation  are  recapitu- 
d  briefly  in  the  following  statement. 

he  salt'  of  antimony,  not  exceeding  the  equivalent  of  about 
grm.  of  antimonious  oxide,  is  titrated,  in  presence  of  1  grm. 
odium  tartrate  and  the  usual  excess  of  sodium  hydrogen 
•onate,  by  means  of  iodine  standardized  against  tartar 
tic.  The  result  of  this  titration  gives  the  amount  of 
monious  salt  present.  To  the  solution  are  then  added 
rms.  of  tartaric,  dilute  sulphuric  acid,  if  necessary,  to 
tralization,  an  excess  of  10  cm.'  of  half  and  half  sulphuric 
,  and  enough  potassium  iodide  so  that  there  shall  be 
ent  of  hydriodic  acid  the  equivalent  of  a  little  more  than 
m.  of  the  iodide.  The  liquid  is  diluted  to  100  cm.',  boiled 
n  Erlenmeyer  beaker  until  the  volume  is  decreased  to 
m.*,  the  precaution  being  taken  to  introduce  a  platinum 
il  to  prevent  bumping  and  a  trap,  as  described,  to  obviate 
hanical  loss.  The  color  remaining  after  concentration,  if 
e  be  any,  is  bleached  by  dilute  sulphurous  acid  (approxi- 
Bly  centinormal).     The  solution  is  nearly  neutralized  with 
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was  added  to  alkalinity,  20  cm.'  of  a  Batnrated  solation  of  this 
salt  were  added  iii  cxcees,  and  tlie  arsenions  oxide  in  solution 
was  titrated  by  standardized  dccinormal  iodine  in  presence  of 
starch.  The  iodine  added  in  the  reoxidation  of  tlie  areenioti!' 
oxide  was  taken  as  the  exact  equivalent  of  the  iodine  expelled 
in  boiling.  Several  closely  agreeing  determinations  made  in 
this  manner  served  to  tix  the  standard  of  the  solntion. 

The  ;ictioii  of  cJiliirif  iit'id  uniier  siLiiilar  C(in<liti<>ne  was 
tested  by  following  out  tjxiictly  the  process  employed  in  stsn- 
dardiziiig  the  iodide,  with  the  exception  that  weighed  amoants 
of  potassioni  chlorate,  puritied  by  recrystalHzation,  were  aki 
introduced  and  that  the  precantron  was  taken  to  have  tlie 
potassium  iodide  present  in  every  case  to  an  amount  at  least 
eight  and  a  half  times  as  great  as  that  of  the  potassium  chlorate 
— this  amount  being  a  little  more  than  the  equivalent  weight  nf 
the  iodide  referred  to  the  chlorate.  The  experiments  involved 
amounts  of  the  chlorate  ranging  from  02  grms.  to  O'Ol  grin.. 
and  quantities  of  the  iodide  varying  from  eight  and  a  half  to 
fifty  times  those  of  the  chlorate.  The  resntts  with  all  essential 
details  are  contained  in  the  following  table  : 


?ff?) 
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The  paper  upon  the  determination  of  iodine,  to  which 
reference  has  been  made  and  upon  which  this  process  is  based, 
prescribes  corrections  for  the  volatility  of  arsenious  chloride  and 
the  slight  deoxidation  of  arsenic  acid  when  chlorides  and 
bromides  are  also  present  in  considerable  amount.  In  this  pro- 
cess, however,  the  amount  of  hydrochloric  acid  evolved  from 
the  maximum  weight  of  chlorate  treated  —0*2  grm.  of  the 
potassium  salt — calls  for  a  correction  so  small  as  to  be  insig- 
nificant. 


Art.  XXI. — Dampening  of  Electrical  Oscillations  on  Iron 

Wires;  by  John  Trowbridge. 

[Presented  to  the  American  Academy  of  Sciences,  May  27,  1891.] 

It  has  generally  been  assumed  by  those  who  have  studied 
the  subject  of  very  rapid  oscillations  of  electricity,  such  as 
occur  in  Leyden  jar  discharges,  that  the  magnetic  character  of 
the  conductor  has  very  little  influence  upon  the  character  of 
the  discharge.  Thus,  in  a  note  to  an  article  on  electrical  waves, 
W.  Feddersen  states  that  electrical  oscillations  may  suffer  a 
slight  weakening  on  iron  ;  but  this  diminution  is  very  slight : — 

"  Beim  Eisen  konnte  in  Folge  der  Magnetisirungen  eine 
Abweichung  hervortreten ;  in  dess  zeigt  der  Versuch,  dass 
dieselbe  keinenfalls  bedeutend  ist,  iibrigens  in  dem  Sinneerfol- 

m  miisste,  als   wenn  die  Elektricitat  beim  Eisen  em  grossere 

inderniss  fande,  wie  bei  den  iibrigen  Metallen."* 

In  Dr.  Lodge's  treatise  on  Modern  Views  of  Electricity  (ed. 
1889),  we  find  the  following: — 

"  But  in  the  case  of  the  discharge  of  a  Leyden  jar  iron  is  of 
no  advantage.  The  current  oscillates  so  quickly  that  any  iron 
introduced  into  its  circuit,  however  subdivided  into  thin  wires 
it  may  be,  is  protected  from  magnetism  by  inverse  currents 
induced  in  its  outer  skin,  and  accordingly  does  not  get  mag- 
netized ;  and  so  far  from  increasing  the  inductance  of  the  dis- 
charge circuit,  it  positively  diminishes  it  by  the  reaction  effect 
of  these  induced  currents ;  it  acts,  in  fact,  much  as  a  mass  of 
copper  might  be  expected  to  do."     (p.  365.) 

Fleming  writes  as  follows : 

"  With  respect  to  the  apparent  superiority  of  iron  it  would 
naturally  be  supposed  that,  since  the  magnetic  permeability  of 
iron  bestows  upon  it  greater  inductance,  it  would  form  a  less 
suitable  conductor  for  discharging  with  great  suddenness  of 
electric  energy.  Owing  to  the  fact  that  the  current  only  pene- 
trates just  into  the  skin  of  the  conductor,  there  is  but  little  of 

*Annalen  der  Phjsik  und  Chemie,  No.  108,  1859,  p.  499. 
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the  mass  of  the  iron  magnetized.  Even  if  theae  instantaoeoue 
discharges  are  capable  of  magnetizing  iron,  ....  the  electro- 
motive impnlBee  or  eadden  nishee  of  electricity  do  not  mag- 
netize the  iron,  and  hence  do  not  find  in  it  any  greater  seQ- 
indnctive  opposition  than  they  wonid  find  in  a  non-magnetic 
but  otherwise  similar  conductor.  Dr.  Lodge's  farther  reeearchee 
seem  to  ehow  that  there  is  a  real  advantage  in  osing  iron  for 
lightning  conductors  over  copper,  and  that  its  greater  spedSc 
resistance  and  higher  fusing  point  enables  an  iron  rod  or  tape 
to  get  rid  safely  of  an  amount  of  electric  energy  stored  np  ui 
the  dielective  wnieh  would  not  be  the  case  if  it  were  copper."* 

Fleming  describes  in  full  Dr.  Lodge's  experiments  to  prove 
the  non-magnetizability  of  iron  by  sudden  discharges  : — 

"  In  the  experiments  on  alternative  path,  as  described  by  Dr. 
Lodge,  the  main  result  is  very  briefly  summed  Tip  by  sayioj; 
that,  when  a  sudden  discharge  had  to  pass  through  a  conductor, 
it  was  found  that  iron  and  copper  act«d  about  equally  well, 
and  indeed  iron  sometimes  exhibited  a  little  eaperiority,  and 
that  the  thickness  of  the  conductor  and  its  ordinary  conduc- 
tivity mattered  very  little  indeed.  ...  In  the  case  of  euorra- 
ousjy  rapid  oscillations  the  value  of  the  impulsive  impedance 
varies  in  simple  proportion  to  the  frequency  of  the  OBcitlations, 
and  depends  on  the  form  and  size  of  the  circuit,  but  not  at  all 
on  its  specific  resistance,  magnetic  permeability,  or  diameter.  . 
....  For  discharges  of  a  million  per  second  and  npwards, 
such  as  occur  in  jar  discharges  and  perhaps  in  lightning,  the 
impedance  of  all  reasonably  conductmg  circaits  is  the  same, 
and  independent  of  conductivity  and  permeability,  and  hardly 
affected  by  enormous  changes  in  diameter."t 

'riiniiii;,'  iiuw  U.  thi;  uli.^crvitlioiis  uf  Ileitz,  we  iiiiil  it  slate.! 
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the  magnetic  susceptibility  of  iron  does  not  play  any  part 
le  case  of  such  rapid  motions.* 

Ithough  the  impulsive  impedance  is  apparently  not  affected 
he  magnetic  character  of  the  wire,  experiments  lead  me  to 
jve  that  discharges  of  the  quick  period  of  a  Leyden  jar  are 
5ted  very  appreciably  by  the  magnetic  nature  of  iron,  steel, 
nickel  conductors.  This  effect  is  so  great  that  it  dampens 
electrical  oscillations,  and  makes  it  difficult  to  determine 
ther  the  time  of  oscillation  is  also  affected  by  the  permea- 
V  of  the  conductor. 

he  apparatus  employed  was  similar  to  that  described  in  the 
istigation  of  electrical  oscillations  with  an  air  condenser,  f 
:ain  important  modifications,  however,  were  made.  The 
e  mirror  which  was  used  in  the  former  research  was  re- 
ed by  a  concave  mirror  of  ten  feet  focus  and  three  and  a 

inches  in  radius.  This  miri'or  was  mounted  upon  the  end 
be  annature  shaft  of  a  one-half  horse  power  electric  motor, 
he  discharging  apparatus  consisted  of  a  sharp  cutting  tool, 
ilated,  and  mounted  on  the  edge  of  the  rotating  disk  bear- 
the  mirror.  It  was  metallicafly  connected  with  a  grooved 
;  of  brass  mounted  upon  the  shaft  and  insulated  from  it  by 
i  rubber.  Around  this  was  wound  a  copper  wire,  one  end 
vhich  was  connected  with  the  discharging  wire,  and  the 
jr  drawn  taut  by  a  rubber  band.    The  electrical  discharge 

thrown  on  to  the  circuit  by  thrusting  forward  a   lever 

3h  brought  a  solid  hinged  frame  containing  a  strip  of  soft 

j-metal  into  contact  with  the  rapidly  revolving  steel-cutting 

An  electrical  contact  was  thus  insured  by  the  tool  cu^ 

a  groove  in  the  strip  of  type-metal.  In  order  to  avoid  a 
k  at  the  contact,  tlie  type-metal  was  thickly  covered  with  a 

of  peculiar  composition.  The  only  spark  that  occurred, 
efore,  was  the  one  the  oscillations  of  which  I  desired  to 
y.  At  each  trial  the  type-metal  was  moved  so  as  to  expose 
w  cutting  surface.  The  type-metal  was  insulated  from  the 
of  the  apparatus,  but  connected  with  the  outer  coating  of 
Leyden  jar ;  first  both  terminals  of  the  Holtz  machine  were 
wn  off,  and  immediately  after  the  cutting  tool,  ploughing 
ray  through  the  type-metal,  placed  the  outer  coatmg  of  the 
ien  jar  in  circuit  with  one  of  the  two  parallel  wires  lead- 
to  the  terminals  of  the  spark.  The  other  wire  was  per- 
ently  in  connection  with  the  inner  coating  of  the  jar. 

£rsetzen  wir  den  bisherigen  Kupferdraht  durch  cinen  dickereD  oder  diin- 
Kupferdraht  oder  durch  eineu  Draht  bus  anderem  Metall,  so  behalten  die 
;Dpiinkte  ilire  Lager  bei.  Die  Fortplanzuii}<sgesch\viDdigkeit  iu  alien  solcheD 
en  ist  daher  gleich,  und  wir  aind  berechtigt,  von  derselben  als  eiuer  bestimm- 
eschwindigkeit  zu  reden.  Auch  Kiseodrahte  machen  keine  Ausuahme  von 
llg^meinen  Regel.  die  Magnetisirbarkeit  des  Kisens  kommt  also  bei  so 
lieu  Bewegungen  nicht  in  Betracht." — Ann.  der  Physik  und  Ohemie.  No.  34, 
p.  558. 
rooeedings  of  Am.  Acad,  of  Arts  and  Sci.,  vol.  zzv,  p.  109. 
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Beside  the  short  lead  wires  above  described,  tbe  dischat^fin^ 
circuit  consisted  of  tlie  two  parallel  wires  30  cm.  apart  and  510 
cm.  long.  These  were  tbe  only  portions  of  the  apparatos 
changed  during  the  experiment,  and  they  were  replaced  bj 
wires  of  different  material  and  of  different  size.  The  other 
conditions — length  of  spark,  lead  wires,  and  the  copper  crow 
wire  connecting  the  outer  end  of  tbe  long  parallel  wires- 
remained  nndistnrbod  throngbont  the  experiment. 

The  Leyden  jar  was  charged  each  time  as  nearly  as  possible 
to  tbe  same  potential,  judging  by  the  number  of  tnms  given 
the  Holtz  machine.  It  is  unfortunate  that  no  more  accurate 
means  of  measuring  it  were  at  band,  althongh  the  different 
negatives  showed  but  slight  variation.  The  capacity  of  tbe 
jar  to  alternations  of  tliis  period  was  5060  electrostatic  units. 

I  describe  the  discharging  portion  of  tbe  apparatus  minutely, 
for  the  success  of  an  investigation  of  this  nature  depends  upon 
the  suppression  of  all  sparks  save  that  which  one  wishes  tu 
observe;  and  tbe  method  sorely  and  completely  accomplished 
this.  The  photograph  of  tbe  spark  could  thus  be  made  to  fall 
very  accurately  on  the  sensitive  plate.  When  one  considers 
that  the  image  of  the  spark  was  flying  through  the  air  on  a 
circle  of  a  radius  of  ten  feet  with  a  velocity  of  a  mile  a  second, 
it  will  be  seen  that  an  extremely  small  deviation  in  the  point 
of  contact  between  the  cutting  tool  and  the  type-metal  would 
have  thrown  the  image  entirely  off  the  sensitive  plate.  A 
singular  phenomenon  was  noticed  in  this  connection.  When 
a  comparatively  low  potential  whs  used,  such  aa  that  afforded  bv 
the  air  condenser  used  in  our  previous  investigation,  the  cut- 
ting tool  ploughed  two  or  three  millimeters  along  tbe  surface 
of  the  typti-iiietal   Ix^fuiv  ;i  sjiMi-k    [tn-'SC'd   iit   the 
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3  of  a  small  heavily  loaded  carriage,  which,  on  being 
ed  at  the  moment  the  lever  arm  threw  the  type-metal  in 
et  with  the  cutting  tool,  descended  an  inclined  plane  of 
table  height. 

small  Topler-Holtz  machine  charged  a  large  Leyden  jar, 
b  was  found  to  work  admirably  in  all  states  of  the  weather, 
apparatus  which  1  have  thus  described  was  the  result  of 
ixperience  of  the  previous  year,  and  worked  for  months 
mt  failure ;  and  the  taking  of  photographs  of  the  oscilla- 
discharge  by  it  became  a  mere  matter  of  routine. 
e  following  cases  were  tried  : 

)  When  the  long  parallel  wires  were  of  copper  (diameter 
cm.),  the  number  of  double  oscillations  visible  on  the 
;ives  averaged  quite  uniformly  9  or  9*5. 
)   When    the   wires   were   of    German   silver  (diameter 
cm.),  three  oscillations  were  visible. 

)  But  when  an  annealed  iron  wire  (diameter  '087  cm.)  was 
ituted,  only  the  first  return  oscillation  was  distinctly  visi- 
vith  occasionally  a  trace  of  the  first  duplicate  discharge. 
)  On  substituting  fine  copper  wire  (diameter  '027  cm.), 
•omplete  oscillations  were  quite  uniformly  visible. 
)  Fine  German  silver  wire  ('029  cm.),  nickel  wire 
cm.),*  soft  iron  (-027  cm.),  and  piano  steel  wire  ('027  cm.), 
but  faintly  the  first  return  discharge  after  the  pilot  spark, 
le  pilot  sparks  were  in  all  cases  strong. 
le  single  return  discharge  through  the  iron  wire  did  not 
t  of  measurement  sufficiently  accurate  to  furnish  any  basis 
alculation  of  its  self-induction.  The  time  did  not  appar- 
diflfer,  if  at  all,  by  more  than  fourteen  or  fifteen  per  cent. 
J  general  reasoning  based  upon  the  number  of  oscillations 
be  of  interest.  It  must  be  acknowledged,  however,  that 
•easoning  is  open  to  criticism,  although  it  aflFords  the  most 
;ible  explanation.  The  phenomenon  itself  is  not  a  doubt- 
ne. 

le  time  of  a  double  oscillation  for  the  large-sized  copper 
was  '0000020  sec. ;  for  the  small  copper  wire,  '0000021 
The  others  as  far  as  could  be  determined  did  not  diflFer 
1  from  these  values,  and  for  this  purpose  either  is  suflS- 
ly  accurate.  Denote  by  R'  the  ohmic  resistance  of  the 
lei  wires  to  alternating  currents  of  this  periodicity ;  by  R, 
esistance  to  steady  currents. 

/)=  — =3^000,000  (pratically). 
z 

iing  the  cases  up  in  order  : 

*  Obtained  by  the  kiDdDess  of  Joseph  Wharton,  Esq.,  of  Philadelphia. 
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(1.)  Large  copper  wire, 

R=0-285X10' 
and  Bubstituting  in  Lord  Rayleigh's  formula,  R'=  ^^plpK, 
B'=0-66xl0'. 
(2.)  Large  German  silver  wire, 

R=9-2X10', 
and  substituting  in  the  series 

R,=»-2XI0*. 
(3.)  Large  iron  wire, 

R=2-5x  10*, 
and  if  there  is  a  true  time  lag,  as  often  stated,  such  as  to  pre- 
vent action  of  the  magnetic  property  of  the  iron,  and  if  on  thi$ 
assumption  we  make  //=!, 

R'=2-78xlO' 
(4.)  Fine  copper, 

R=3-3xl0* 

R=3-5X10'. 

(5.)  Again,  as  before,  call  pi=\   in  iron,  nickel,  and  Et«el. 

The  lengtli  of  these  circuits  was  7-41  meters,  the  remainder  of 

the    10'20   meters   —  2-79   meters — being  of   copper  wire  of 

R'=0-94. 

The  value  of  R'  in  the  separate  cases,  including  in  each  the 
rt'dstauce  IMI4  of  tlie  copiicr  imrtii^M,  was  as  fi  " 
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-esistance  of  the  short  connecting  lead  wires  and  of  the  spark 
?.  Then  will  r  =  R'+«,  and  n  will  be  the  number  of  com- 
plete oscillations  visible. 

Take  cases  (1)  and  (2),  large  copper  and  large  German  silver 
^^ires : — 

9-5  (0-66-l-a?)  =  3  (9-2-|-jb); 
a;  =  3*4  ohms. 

Taking  cases  (1)  and  (4)  similarly, 

n,(R',+  iB)  =  n,(R',4-a;); 
9-5  (0-66 +  «)  =  5  (3-5 +aj); 
a  :=  2*6  ohms. 

Experiments  with  other  copper  wires  having  R'  equal  to 
34  and  1'27  give  5  and  8  for  the  values  of  n  respectively,  or 

a;  =  2*4  ohms. 

The  resistance  (R')  of  the  lead  wires  forming  part  of  x  was 
0*8  ohm,  leaving  as  a  possible  value  for  the  resistance  of  the 
spark  about  2  ohms. 

If,  taking  this  value  of  a?,  we  calculate  the  value  of  R'  neces- 
sary to  damp  out  the  oscillation  in  one  complete  double  dis- 
charge in  the  case  of  the  large  iron  wire,  we  shall  have 

9-5  (0-66X3)  =  1  (R'-f-3); 
R  =  30  ohms. 

But  neglecting  the  magnetic  property  of  the  iron,  its  calcu- 
lated resistance  to  alternating  currents  of  this  periodicity  was 
K'=2"78  ohms.  This  is  obviously  inadequate,  and  would 
point  to  the  conclusion  that  the  oscillation  is  not,  as  sometimes 
stated,  too  rapid  to  admit  of  the  magnetic  action  of  the  iron. 

If  we  substitute  this  value  R'=  30  in  the  equation 

R'=  VFj<^"R, 

▼e  have  for  the  resulting  value  of  the  magnetic  permeability 
/r=230.     This  lies  between   the  limits  ;i=103  and  /£=1110, 
;  Irand  by  taking  the  number  of  oscillations  one  and  a  half  and 
r  cue-half  respectively  for  the  case  of  the  iron  wire. 

It  should  be  noticed  that  this  estimate  of  ji  necessitates 
dimming  that  T  and  L  remain  the  same  within  broad  limits, 
^leuarements  of  the  single  oscillation  on  the  negatives  show 
iilit  this  is  near  enough  the  case.  Part  of  the  more  rapid 
^Mty  of  the  oscillation  in  the  iron  may  be  well  ascribed  to  the 
Anpation  of  energy  by  hysteresis.  While  we  cannot  place 
Ancn  reliance  npon  an  estimate  of  its  value  in  such  a  case, — 
id  percentage  effect  probably  increasing  rapidly  with  the  decay 
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of  the  spark, — it  is  not  difficult  to  show  that  its  inflaence  may 
be  very  preat. 

There  still  remains  the  fact,  not  generally  recognized,  that, 
in  Leyden  jar  discharges  through  iron  wires,  the  ma^etic 
property  of  the  iron  has  time  very  materially  to  modi^  the 
character  of  the  spark. 

We  give  an  example  of  the  measurement  of  the  half-OBcitU- 
tion  which  was  the  only  one  visible  on  the  photograph  of  the 
discharge  over  iron  wires,  all  the  others  having  been  aampened 
or  extinguished  by  the  iron,  in  comparison  with  the  measure- 
ment of  the  similar  half-oscillation  on  copper  wires  of  the  same 
diameter  us  the  iron  wires.  The  number  of  oscillations  on  the 
copper  wires  was  eight. 

The  total  duration  of  the  discharge  on  iron  wires  was  only 
three  millionths  of  a  second,  white  that  on  similar  copper  wire 
was  three  hundred-thousandths  of  a  second.  A  steel  wire 
gave  tlie  same  results  as  tlie  annealed  iron  wires. 

Compariitive  lengths  of  first  half-oscillation  in  tntUimeUn. 
Fine  iron  wire.  Fine  copper  wire. 
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Art.  XXII. — Genesis  of  Iron-ores  hy  Isomorphous  and  P sen- 
domorphous  Replacement  of  Limestone^  etc.;  by  James  P. 
Kimball. 

It  is  the  object  of  the  present  memoir  briefly  to  develop  the 
following  proposition,  namely,  that  well  recognized  products 
of  epigenesis,  like  siderite  and  ferro  calcite,  in  their  seveml 
forms  and  wide  distribution  especially  on  a  petrographic  scale, 
are  as  a  rule  also  products  of  airect  pseudomorphous  replace- 
ment of  isomorphous  calcic  carbonate,  like  limestone,  calcite, 
calc-siuter,  calcareous  sediments,  calc-schutt,  etc.  This  prop- 
osition is  not  new.  But  some  of  the  conditions  remain  un- 
settled. So  also  some  of  the  deductions  which  have  been 
thought,  or  may  seem,  to  follow.  These  it  is  my  purpose 
briefly  to  discuss. 

Contingent  to  this  proposition,  it  follows  that  secondary  or 
indirect  replacement  of  calcic  carbonate  by  ferric  hydrate  is 
wrought  through  alteration  of  pseudomorphous  siderite  or  ferro- 
calcite,  and  also,  through  progressive  alteration,  by  ferric  oxide 
and  even  magnetic  oxide.  Hence  proximate  derivation  from 
siderite  of  many  occurrences  of  iron-ores  which  nevertheless 
are  ultimate  products  of  indirect  or  progressive  pseudomor- 
phism of  calcic  carbonate — itself  often  a  product  oi  epigenesis 
from  basic  silicates.  Such  occurrences  may  therefore  be  re- 
garded as  instances  of  double  pseudomorphism,  sometimes  on 
a  petrographic  scale ;  that  is,  pseudomorptiism  in  the  first  in- 
stance by  substitution  or  replacement ;  in  the  second  instance 
by  alteration. 

Again,  ferric  hydrate  apparently  directly  pseudomorphous 
after  limestone  is  produced  by  immediate,  perhaps  spontaneous, 
oxidation  of  ferrous  carbonate,  resulting  from  interchange  or 
double  decomposition  between  solutions  of  this  salt  or  ferrous 
sulphate  and  calcic  carbonate  in  place.  All  these  permutations 
proceed  from  the  same  reactions,  but  differ  in  results  according 
to  atmospheric  environment — whether  oxidizing  or  not.  The 
instable  salt  as  first  separated,  it  is  scarcely  necessary  to  add, 
is  thrown  down  from  solutions  either  of  ferrous  carbonate  or 
ferrous  sulphate  indifferently,  in  reaction  with  dissolved  calcic 
carbonate  or  other  alkaline  mono-carbonates.  This  salt  how- 
ever, it  is  important  early  to  remark,  is  the  hydrous  salt,  from 
which  geologists,  it  seems,  are  not  accustomed  to  distinguish 
the  anhydrous  carbonate  which  is  almost,  if  not  altogether,  ex- 
clusively its  natural  form. 

Other  adventitious  occurrences  of  brown  and  red  ferric 
oxide  well  recognized  as  exotic,  that   is,    neither  in  original 

Am.  Joitb.  8oi.— TmBD  Sbribs,  Vol.  XLII,  No.  249.— Sbptembib,  1891. 
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place,  Dor  vicariously  developed,  form  as  aach  a  eeparate  clas. 
These,  however,  as  commonly  understood,  are  prodacte  of  like 
reactions  between  solutions  of  the  same  salts  in  circnlatiog 
acidulous  waters.  These  products,  though  sometimeB  accnmn- 
lated  under  favorable  conditions  of  environment  and  topog- 
raphy, are  more  commonly  dissipated. 

Bat  for  the  instability  of  hydrous  ferrous  carbonate,  it  might 
be  assumed  to  be  transiently  produced  through  reactions  of 
ferrous  salts  and  alkaline  mono-carbonates  in  solntioD,  not  far 
from  loci  of  replacement  of  calcic  carbonate  hy  siderite,  as  the 
result  of  transmission  of  solutions  beyond  range  of  reducing  or 
preserving  gases.  Visible  results  of  precipitation  and  sponta- 
neone  oxidation  of  this  salt  into  ferric  nydrate  in  these  circam- 
stances  on  the  one  hand,  and  direct  precipitation  of  ferric 
hydrate  through  oxidation  on  the  other  hand,  are  identical. 
Hence  the  two  processes  in  nature  can  seldom  be  distinguished. 

The  general  proposition  may  now  be  advanced — that  de- 
posits of  concentrated  iron-ores  occur  far  more  extensively  as 
pseudomorphous  replacements  than  has  hitherto  been  made  to 
appear;  and  far  more  extensively  than  by  original  sedimenta- 
tion of  ferric  hydrate  in  hydrographic  basins  (if  indeed  impor- 
tant deposits  have  ever  been  formed  in  this  way),  followed  bj 
chemical  transmutations  so  far  as  essential  to  their  plausible 
explanation  upon  theories  of  such  a  common  genesis.  In  the 
present  place,  suffice  it  to  indicate  the  impracticability  of  cod- 
eeiving  of  sedimentation  of  ferriferous  material  without  sili- 
ceous alternations;  or  of  great  accumulations  of  non-ferrugin- 
ous, non-siliceous  sediments  at  all,  except  in  the  case  of  marine 
limestones.  These  are  preeminentlv  tlii.'  luiJi'itut  «\-  it'iH.-i- 
turies  of  massive  and   etratifoni 
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the  greater  num'ber  of  instances  are  with  remarkably  pare  and 
persistent  limestones,  comparatively  free  from  intercalations  of 
argillaceoas  matter,  sdso  a  residual  product  of  rock-decay,  and 
invariably  accompanying  ochreous  matter  in  suspension.  Again, 
replacement  of  limestone  naturally  progresses  from  exterior 
and  divisional  surfaces.  This,  as  commonly  observed,  wherever 
incomplete,  has  invariably  affected  superficial  or  upper  parts 
of  formations  under  gentle  dips,  and  seldom  nether  parts  ex- 
cept under  steep  dips.  Lenticular  bodies  of  iron  ores,  not 
purely  concretionary,  are  very  rarely  if  ever  found  completely 
enclosed  in  pure  limestone — that  is,  in  any  form  corresponding 
to  the  filling  of  a  hydrographic  basin  of  marine  limestone. 

Conditions  above  briefly  noticed  are  well  illustrated,  as  I 
shall  endeavor  to  show,  by  the  more  important  developments 
of  iron  ores  upon  horizons  of  limestones  and  adjacent  transi- 
tion strata  of  all  geologic  periods, 

(2.)  The  geologic  importance  of  the  phenomena  of  displace- 
ment of  calcium-carbonate  by  ferrous  carbonate  was  long  since 
indicated  by  Bischof,  mainly,  as  it  appears,  on  mineralogic  or 
a  prioH  grounds.*  Pseudomorphous  siderite  after  calcite, 
occurring  in  drusy  cavities  in  anamesite,  as  described  by  Blum 
and  Sandberger,  was  attributed  to  removal  of  calcium  car- 
bonate by  carbonated  solutions  of  ferrous  carbonate  and  depo- 
sition of  this  salt  in  its  place.  The  same  result,  as  well  known, 
is  produced  by  reaction  of  solutions  of  ferrous  sulphate,  calcium 
sulphate  being  removed. 

(8.)  Pseudomorphic  replacement  of  calcite  by  ochreous  ferric 
oxyd  was  observed  by  Blum  to  have  taken  place  indirectly, 
namely,  iirst  by  substitution  of  ferrous  carbonate  followed  by 
alteration  of  this  comparatively  unstable  compound.  As  pointed 
out  by  Bischof,  it  seems  probable  indeed  that  pseudomorphs  of 
this  type  are  necessarily  indirect — never  direct.f 

(4  )  Aside  from  pseudomorphs  by  incrustation,  pseudomor- 
phous siderite  commonly  occurs  by  substitution  of  anhydrous 
isomorphous  minerals.  Pseudomorphism  by  alteration  often 
succeeds  pseudomorphism  by  substitution.  Both  processes,  as 
inferred  from  relative  densities,  are  attended  with  contraction. 
Ill  the  conversion  of  siderite  into  limonite,  this,  according  to 
Hunt,  amounts  to  nearly  twenty  per  cent.:j:  Hence  the  exhibi- 
tion of  cavities,  anfractuosities  and  dislocations  in  products  of 
either  transformation,  as  witnessed  both  on  a  mineralogic  and 
petrographic  scale. 

(5.)  Whatever  be  the  mode  of  accumulation  of  ferrous  car- 
bonate in  various  deposits,  it  can  scarcely  fail  to  be  recognized 
as  invariably  a  secondary  product  universally  resulting  from 
the  decomposition  of  diffused  proto-silicates  of  iron  by  means 

*  Bd.  II,  1S64,  p.  154.  f  Qiem.  GeoL,  Bd.  m,  1S66,  871, 

X  TbiB  Journal,  zzyi.  1883,  202. 


234  J.  P.  Kimball — Genesis  of  Iron-ores  hy  Isomorpkom 

of  carbonated  waters;  next  in  frequency,  from  aolationg  of 
ferrous  sulphate  in  reaction  with  calcic  carbonate ;  and,  lastly, 
from  like  reactions  with  ferrous  salts  from  redaction  of  ferric 
silicates. 

(6.)  The  stability  of  this  more  or  less  alterable  secoDiliry 
product  in  fissures  and  deep-seated  strata  in  an  atmoepbere  of 
carbonic  aohydride  or  reducing  gases,  was  also  long  since 
pointed  out  hy  Bischof  and  W.  B.  Rogers,  as  well  as  its  trans- 
formation into  ferric  hydrate  through  displacement  of  such 
gases  by  atmospheric  air, 

(7.)  The  frequent  occurrence  of  limonite  and  hematite  in 
limestone  and  their  graduation  into  beds  of  this  Bedimentarj 
material,  as  well  as  the  presence  of  similar  fosaile  in  both,  are 
facte  adduced  by  Bischof  to  justify  the  conclusion  that  iron-ore 
deposits  of  this  description  have  had  their  origin  in  replace- 
ment of  limestone  beds."  Yet,  as  by  him  remarked,  replace- 
ment of  amorphous  limestone  by  ferric  oxide  obviooslj  cannut 
be  proved  mineralugically  as  in  the  ease  of  rare  occurrences  of 
incomplete  psetidoniorphs  after  calc-spar,  like  the  specimen 
originally  described  by  Blum.  But  every  geologist  has  never- 
theless olieerved  ultimate  replacement  of  limestone  by  brova 
and  red  ferric  oxides,  whether  direct  or  indirect,  among  the 
more  common  phenomena  of  weathering.  When  as  sitmetimef 
happens  this  is  all  but  complete,  and  the  original  form  of  the 
limestone  mass  is  preserved  in  sitii,  the  rcphccmoTit  is  litewiw 
seen  to  be  pueudoinorphic — iit  least  in  ii  petrograpiiic  sent^. 
Dana  has  given  a  good  pictorial  illustration  of  this  kind  in 
describing  an  occnrrence  in  the  Cone  ore-pit  at  West  Stock- 
bridge.f     Thecut  is  here  reproduced.     Replacements  of  s" 
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rm,  and  perhaps  character  of  insoluble  contents,  on  the 
e  band;  and  local  developments  of  iron-ores,  void  of  any- 
ing  like  regular  form,  within  the  compass  of  a  thick  lime- 
»ne  formation,  and  graduating  into  that  materia),  on  the 
ler  hand.  The  latter  modes  of  occurrence  (and  by  infer- 
ce  the  former  also)  are  particularly  well  illustrated  by 
merous  stratiform  iron-ore  developments  in  strata  of  the 
xboniferous  period.  These  strata  are  understood  by  all  to 
ve  accumulated  under  specially  favorable  conditions  of  envi- 
ament  for  the  production  of  the  materials  of  iron-ores 
rough  internal  cnemical  transmutations;  and  to  have  since 
t)8i8ted  under  equally  favorable  atmospheric  conditions  for 
i  preservation  of  alterable  kinds  of  material  produced,  like 
lerite  and  sphserosiderite. 

(8.)  The  possession  of  many  physiographic  characters  by 
adform  iron-ores  in  common  with  deposits  hi  situ,  formed 

the  natural  order  of  strata  between  which  they  are  imbed- 
d,  or  rather  enclosed,  has  naturally  led  geologists  to  seek  an 
planation  of  at  least  Carboniferous  iron-ores  of  this  descrip- 
n  on  theories  of  direct  deposition  either  chemical  or  me- 
anical :  that  is,  according  to  one  theory,  in  original  form  of 
•rous  carbonate ;  or,  according  to  another  theory,  as  the 
oduct  of  transmutation  of  ferric  hydrate  in  place  into  the 
ne  compound,  through  successive  deoxidation  and  carbonat- 
5  agencies,  the  potential  influence  of  which  in  the  develon- 
jnt  of  this  particular  series  of  strata  it  may  not  seem  difficult 
imagine  on  grounds  of  either  theory.  As  to  further  altera- 
n  from  weathering  action,  regulated  by  circumstances  of 
30graphy  and  environment,  all  are  agreed. 
The  same  agencies  however  may  well  be  believed  to  have 
en  equally  potential  in  clearly  recognized  processes  resulting 

pseudomorphous  replacement  of  limestone  by  ferrous  car- 
nate,  especially  in  the  preliminary  work  of  decomposing 
fused  clastic  ferrous  and  ferric  silicates,  dissolving  their 
able  products,  and  in  the  generation  and  preservation  unal- 
«d  of  anhydrous  ferrous  carbonate  in  concrete  form  however 
educed. 

[9.)  While  dissolved  alkaline  mono-carbonates,  as  well  known, 
idily  precipitate  instable  hydrated  ferrous  carbonate  from 
utions  of  ferrous  salts,  no  artificial  method  appears  to  have 
en  proposed  for  the  production  at  ordinary  temperatures  of 
hydrous  ferrous  carbonate. 
[10.)  The  generation  of  this  natural  compound  in  the  form 

siderite  and  sphaerosiderite  is  sometimes  attributed  to  direct 
dcipitation  and  concentration  of  hydrous  ferrous  carbonate 
the  presence  of  reducing  gases,  or  of  an  atmosphere  of  car- 
nic  anhydride.  This  presupposes  dehydration  at  ordinary 
nperatares  by  some   natural   process  as   yet  unexplained. 
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Upon  another  theory,  commonly  entertained  as  a  collateral 
theory  by  the  same  geologiste  who  employ  the  one  jost  stated, 
ite  derivation  is  also  attributed  to  direct  deposition  through 
volatilization  of  free  carbonic  acid  from  aqaeone  carbonated 
solntion — likewise  in  atmospheres  of  hydro-carbon  gases  and 
carbonic  anhydride, 

(11 )  No  natural  occurrence  and  therefore  ao  mineral  species 
of  hydrous  ferrous  carbonate  eeeme  to  have  been  recof^ited 
by  minera]ogist&  A  moderately  instable  white,  earthy  amor- 
phous hydrate  said  by  Massien  to  have  occurred  in  the  ininerai 
lode  of  Pontpeon,  France,*  seeme  to  have  possessed  the  same 
characteristics  as  an  occurrence  beneath  an  ochreons  deposit  of 
a  carbonated  spring  near  Laacher-See  in  the  Eifel,  bnt  de- 
scribed by  Bischof  as  siderite  or  the  anhydroos  saltf  The 
same  locality  is  famous  for  exhalations  of  carbonic  add. 
Preservation  of  the  artiticiat  product  appears  t«  be  impracti- 
cable except  in  an  atmosphere  displaced  by  carbonic  anhy- 
dride, or,  as  easily  supposabie,  by  reducing  gases. 

(12.)  Siderite  pseudomorphous  after  crystalline  anhydroos 
calcic  carbonate  not  uncommonly  occurs  both  in  hexagonal  and 
trimetric  forms,  though  iaomorphous  only  in  the  former  cafit 
This  fact  goes  far  to  show  that  the  phenomena  of  replacement 
of  calcic  carbonate  by  anhydrous  ferrous  carbonate  are  not 
simply  those  of  isomorphism.  Yet  it  is  true  that  in  crystal- 
line as  well  as  in  amorphous  siderite  ferrous  carbonate  h 
extremely  apt  to  be  partially  replaced  with  isomorpboaa  car- 
bonates of  lime,  magnesia,  manganese  and  zinc.  The  first 
three,  and  sometimes  all  four,  of  these  carbonatea  are  freely 
tlevelojjeil   even  where  sparry  widerite   ilistinctly   occnrs  as  a 

ridui't  of  fpiaeneH^ii?,  iiiirticiilarlv  in  ilni^iv  ciivitici:  and  tissures 
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ima^ne,  the  problem  still  remains.— Whence  the  production 
of  tne  anhydrous  carbonate? 

(14.)  In  this  question  one  is  confronted  by  the  remarkable 
fact  that  writers  within  the  field  of  chemical  geology  habitually 
fail  to  discriminate  between  the  two  carbonates  either  in  not- 
ing rare  occurrences  of  hydrous  carbonate,  if  such  they  really 
be,  developed  in  reactions  commonly  yielding  this  extremely 
alterable  or  evanescent  form  ;  or  in  tracing  epigenesis  of  com- 
paratively stable  anhydrous  carbonate,  either  crystalline  or 
amorphous,  from  like  reactions.  On  the  contrary,  it  seems  to 
have  been  assumed  that  chemical  reactions,  geologically  con- 
sidered, producing  hydrous  carbonate,  might  equally  serve,  at 
least  eventually,  to  produce  anhydrous  carbonate.  As  in  many 
other  unexplained  instances  of  dehydration,  conceivable  only  at 
ordinary  temperatures,  this  phenomenon  has  probably  been 
supposed  to  be  an  effect  of  inscrutable  operations  of  time 
Bischof,  for  instance,  to  whom  we  owe  what  still  stands  as  the 
fullest  conspectus  of  this  subject,  fails  to  distinguish  as  such 
the  hydrous  carbonate,  which  as  yet  appears  to  be  exclusively 
the  product  of  well  understood  reactions. 

(15.)  Now  there  seems  much  reason  to  doubt  that  anhydrous 
ferrous  carbonate  is  ever  directly  deposited  from  acid  solutions 
of  ferrous  salts  except  in  circumstances  of  contact  with  isolated 
or  solid  anhydrous  alkaline  mono-carbonates,  probably  at  the 
point  of  double  decomposition,  or  in  the  nascent  state  of  the 
ferrous  salt.  Such  a  mode  of  development,  if  assumed,  must 
be  considered  due  to  the  well  known  isomorphous  relations  of 
anhydrous  ferrous  carbonate  and  its  pseudoniorphic  tendencies. 
This  explanation  appears  at  least  consistent  with  the  phenomena 
of  replacement,  both  isomorphous  and  pseudomorphous,  of 
amorphous  calcic  carbonate ;  and  may  perhaps  be  found  ade- 
quate to  explain  most  occurrences  of  crystalline  siderite  on  the 
theory  of  its  epigenic  orie^in  in  all  cases.  Some  of  these  points 
will  now  be  furtlier  considered. 

(16.)  It  is  remarkable  that  although  in  the  earlier  volumes 
of  his  great  work,  Bischof  was  the  first,  I  believe,  to  point  out 
the  importance  of  replacement  of  limestone  as  one  mode  of 
genesis  of  siderite,  he  assumes  in  his  supplementary  volume 
stratiform  developments  of  this  epigenic  compound,  particularly 
in  Carboniferous  series  of  strata,  to  nave  been  directly  deposited 
from  its  carbonated  water  solution  as  an  effect  of  volatilization 
of  carbonic  acid,  and  to  have  been  preserved  from  oxidation  by 
hydro-carbon  gases.  Yet  the  constant  association  in  these 
strata  of  carbonic  acid  along  with  those  gases  is  remarked  by 
Bischof  in  the  same  place.*  Even  by  loss  of  half  combined 
carbonic  acid,  however  difficult  to  imagine  as  taking  place  in  an 
atmosphere   impregnated   with   the  same  gas,  it  is  extremely 

♦  Chem.  und  Phys.,  Geol.  Suppl.,  Band  1371,  p.  64. 
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doubtful  whether  the  anhydrons  salt  would  be  deposited.  A 
no  leea  important  difiBcult;  arises  as  to  the  loots  of  deposition. 
If  this  take  place  ac  the  surface,  the  presence  of  these  f^tet. 
can  scarcely  be  ioiaj^ined;  and  if  below — conditions  are  pre- 
cluded for  lenticular  accumulations.  Beneath  the  surface  cou- 
ditions  exist  for  deposition  by  segregation  or  replacement  ooly. 

(17.)  In  any  theory  of  the  genesis  of  sidente,  it  becomes 
necessary  first  of  all  to  explain  occurrences  of  siderite  in  leo- 
ticnlar  form,  ae  widely  distributed:  that  is,  as  a  prodnct  of 
direct  superficial  deposition  in  liydrographic  basins  ;  or  else  of 
chemical  replacement  of  lenticular  beds  origiDaliy  deposited  is 
that  manner.  Between  these  alternatives  the  former  seetns  hi 
me  to  be  quite  impracticable 

Lenticular  deposits  from  either  chemical  or  mechanical  pre- 
cipitation are  formed  exclusively  at  the  surface,  that  is,  in 
hydrographical  basins  or  bottoms  where  conditions  essential  to 
stability  of  hydrous  ferrous  carbonate  can  not  ordinarily  be  eet 
up,  or  at  least  long  maintained.  Besides,  wherever  this  salt  i« 
separated  from  standing  water  it  must  be  assumed  to  vm 
spontaneously  into  a  higher  state  of  oxidation.  Not  only  don 
it  appear,  then,  that  lenticular  develoumente  of  ferrous  car- 
bonate can  not  have  been  superficially  deposited,  but  that  this 
compound  can  not  have  Iwjen  derived  from  direct  precipita- 
tion, 

(\^.)  Senft's  theory  of  the  genesis  of  eiderite  and  sphtero- 
siderite  gceme  to  have  been  founded  on  special  occnrrencee  of 
stratiform  and  nodular  clay- iron  stone  enclosed  in  clays  uiil 
shales.  These  are  explained  as  epigenic  products  resulting 
from  saturation  of  buried  argillaceous  sediments  with  acid 
eoliiticiiB  of  tV-rruiis  i-arhonatL'.  Mi|>]Ki:^cd  tu  yield  lliu  uLMitnil  =^ik 
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probably  the  prevailing  one  in  the  circumstances  cited.  For 
alkaline  mono-carbonates,  likewise  resulting  from  decomposition 
of  silicates,  may  safely  be  assumed  to  be  present  partly  in  undis- 
solved or  diffused  form  wherever  ferrous  oxide  is  available,  or 
wherever  ferrous  salts  are  displaced  from  solution. 

(19.)  While  such  reactions  may  be  readily  believed  to  take 
place  in  fissures,  particularly  in  contact  with  segregations  of 
calcic  carbonate,  they  can  hardly  be  assumed  with  Senft  also  to 
extensively  obtain  in  clay  bottoms  of  standing  water,  or  beneath 
peat-bogs  and  marshes,  still  less  in  a  manner  to  result  in  direct 
deposition  in  bedded  form  from  water.  In  such  circumstances 
not  the  anhydrous  salt  but  the  hyd rated  ferrous  carbonate,  if 
either,  would  be  deposited  ;  this  however  quickly  passing  into 
ferric  hydrate.  Still  more  likely,  ferric  hydrate  would  be 
directly  deposited  from  solution  through  dissipation  of  free 
carbonic  acid.  Yet  I  am  not  prepared  to  deny  that  from  the 
condition  of  ferric  hydrate  however  accumulated  anhydrous 
ferrous  carbonate  may  eventually  be  formed  by  de-oxidation 
and  by  carbonating  processes.  If  so,  this  could  be  only  after 
the  original  deposits  are  buried  deep  below  superficial  sedi- 
ments and  so  excluded  from  atmospheric  oxidation. 

(20.)  Hence,  perhaps,  the  more  commonly  received  meta- 
niorphic  theory  of  the  genesis  of  stratiform  siderite,  generally 
assumed  to  be  stratified.  This  theory,  based  on  the  assumption 
of  relative  origin  corresponding  to  the  natural  order  of  enclos- 
ing strata,  involves,  in  snort,  alteration  in  situ  of  ferric  hydrate 
commingled  with  vegetable  matter  originally  accumulated  in 
hydrographic  basins.  This  process  is  also  supposed  to  be 
excluded  from  atmospheric  air  under  cover  of  successive 
sediments, 

(21.)  Some  of  the  objections  to  this  theory  as  a  general  expla- 
nation of  the  genesis  of  siderite  will  appear  farther  on.  Espe- 
cially will  it,  as  I  think,  be  found  to  fail  to  explam  the  prevail- 
ing occurrence  of  siderite  and  ferro-calcite  in  association  with 
limestone,  or  on  horizons  of  limestone,  or  in  lenticular  form 
otherwise  than  concretionary. 

(22.)  On  the  other  hand,  a  theory  of  its  derivation  in  such 
circumstances  at  least,  by  isomorphous  and  pseudomorphous  re- 
placement of  calcareous  material  in  sitUy  not  only  seems  to  fit 
the  greater  number  of  familiar  occurrences  of  siderite,  and  thus 
to  explain  the  almost  universal  association  of  this  secondary 
product  with  limestone,  and  the  graduation  into  each  other  of 
these  two  materials  of  widely  opposite  derivation ;  but  to  be 
alone  adequate  to  explain  the  epigenesis  and  indeed  existence 
of  the  annydrous  salt.  Where  of  course  limestone  has  been 
completely  transformed  into  siderite,  and  all  immediate  evi- 
dences of  their  relation  have  disappeared,  it  may  sometimes  be 
found  practicable  to  identify  lenticular  developments  of  siderite 
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with  horizoiiB  of  limestone  by  Btratigrapbic  relatione.  Imprac- 
ticable though  this  may  be  in  certain  cases,  it  should  not  fill 
to  be  considered  tliat  as  the  thinner  and  leas  persistent  time- 
stones  are  the  only  ones  liable  to  complete  replacement,  actnal 
stratigraphic  or  even  inferential  identification  is  not  in  all  cases 
to  be  expected. 

(33.)  Calling  attention  to  the  possible  application  of  the 
theory  of  the  formation  of  ore-depoeita  by  replacement  or 
substitution,  Emmons  expresses  the  possibility  that  "in  the 
older  and  more  crystalline  rocks,  where  the  calcareons  beds  are 
of  limited  extent,  metallic  deposits  in  large  maasee  like  thoee 
of  iron,  may  bave  bo  completely  replaced  the  calcareous  mate- 
rial tliat  httle  or  no  trace  of  it  remains."*  Complete  ultimate 
replacement  of  isolated  masseB  of  emei^ed  coral-reef  by  ferric 
oxide  on  the  iBiand  of  Cuba  was  described  by  me  in  1884.  To 
this  example  1  shall  again  take  occasion  to  refer. 

"The  limits  of  the  actually  demonstrated  application  of  tbe 
tliuorv  of  the  formation  of  ore  deposits,"  a«  mmarked  by  Em- 
mons in  the  paper  just  quoted,  "  are  being  every  day  extended, 
not  only  by  studies  of  new  districts,  but  by  more  careful  and 
unbiased  studies  of  old  districts  in  which  a  different  method  of 
formation  had  previously  been  determined  upon." 

(24.)  A^illaceous  shales  and  other  miscellaneoos  ferriferous 
wdimeuts  commingled  with  carbonate  of  lime,  originally  accu- 
mulated, or  resulting  from  decomposition  of  component  basic 
siliuHtos  or  left  behind  from  evjiporalion  of  circalating  waters, 
may  in  whole  or  in  part  be  transformed  into  clay  iroQ-«tone  or 
sidvrito,  containing  insoluble  residues  of  the  original  beds. 
This  process  is  a^in  one  of  replacement.  Divisional  parts  or 
ii'h    i<e>is    5<.']ianiied    Kv    iibnes    of    oleavage    and 
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(26.)  In  the  foregoing  remarks  no  discrimination  between 
limestone  and  dolomite  has  seemed  necessary,  nor  specific  refers 
ence  to  analogous  compounds  of  magnesium  in  isomorphous 
relations  to  those  of  calcium.  Nor,  on  the  other  hand,  has  it 
seemed  important  to  refer  to  relations  of  the  same  kind  subsist- 
ing between  corresponding  compounds  of  manganese  and  iron. 
For  the  sake  of  brevity,  the  same  course  will  generally  be 
followed  throughout  the  present  memoir.  Yet  it  will  not  fail 
to  be  considered  that  epigenesis  of  compounds  of  manganese 
is  practically  in  common  with  those  of  iron,  and  that  m  fact 
epigenesis  of  a  given  compound  of  one  metal  often  involves 
that  of  a  corresponding  compound  of  the  other.  Quantita- 
tively considered,  this  according  to  M.  Dieulafait*  appears  in 
relative  degree  to  depend  less  on  the  distribution  of  the  two 
metals  in  the  composition  of  silicates  from  which  epigenesis 
proceeds,  than  might  be  supposed.' 

(27.)  This  chemist  observed  that  the  heat  of  combination 
developed  in  the  production  of  (hydrous)  ferric  oxide  and 
(hydrous)  ferrous  carbonate  from  ferrous  oxide  to  be  respec- 
tively 26*6  and  10*0  calories  (Fr).  In  corresponding  reactions 
resulting  in  the  production  of  manganic  oxide  (hydrate)  and 
(hydrous)  manganous  carbonate  21*4  and  13'6  calories  were 
developed.f 

When  oxygen  and  carbonic  anhydride  both  in  excess  come 
in   contact  with  minerals  containing  ferrous  and  manganous 
oxides,  the  latter,  as  may   therefore  be  inferred,  will  be  con- 
verted  into    ferric    oxide    (hydrate)    and    manganous    oxide 
(hydrate)  and  no  carbonate  will  be  formed.     It  is  also  inferred 
by   Dieulafait  that  if  these  gases  come  in  contact   with  the 
producing  minerals  slowly  and  in  quantity  insufficient  to  trans- 
form both  oxides,  the  products  will  be  insoluble  ferric  oxide 
(hydrate)  and  soluble  (hydrous)   manganous  carbonate.     This 
serves    to   explain   at   least   the  formation    of  ferric  hydrate 
comparatively  free  from  manganic   hydrate,   as   well   as   the 
separate  generation  of  manganic  hydrate  comparatively  free 
from   ferric  hydrate — perhaps  in  another  looxis  of  deposition 
after  further  transmission  of  solutions. 

A^in  it  is  inferred,  that  as  much  more  heat  is  developed 
when  ferrous  oxide  is  converted  into  ferric  oxide  (hydrate) 
than  when  converted  into  (hydrous)  ferrous  carbonate,  the 
latter  can  be  formed  only  in  circumstances  where  atmospheric 
air  is  displaced  by  reducing  gases  or  carbonic  anhydride,  to  the 
exclusion  of  oxygen. 

♦  Comptes  Kendus,  ci,  609,  644. 

f  The   parentheses  are  mine,  the  observer  ignoriDg  the  distinction  between 
hydrous  and  anhydrous  compounds. 
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Art.  XXIII. — (M  the  Qmstitntion  of  certain  Micas,  Ver- 
mioiditen  and  Chloriteti ;  by  F.  W.  Clarke  aod  E.  A. 
HCHNKIIIER. 

In  h  urcvions  paper  upon  tlie  constitution  of  the  silicatcfl,* 
wo  ftouKlit  to  CBtabtish  some  new  lines  of  attack  upon  the 
ppohli'iu,  OBpecially  witli  reference  to  the  mica  and  chlorite 
f!;roii{>8.  Tlie  present  communication  is  to  be  regarded  as  a 
nmtinuntion  of  the  game  research,  and  by  eBsentiall}*  the  Eame 
mi'thods;  altliongh  in  som&  instances  the  experiments  have 
iHicn  K«i)  etahorate,  when  elaborateness  seemed  to  be  nnneces- 
sary.  Thrtmghout  the  investigation  the  fandamental  hypoth- 
eMit  thnt  the  minerals  studied  are  substitution  derivatives  of 
Dormnl  8a)tt>  has  l>een  kept  steadily  in  view ;  and,  as  we  believe, 
it  has  Ihh'ii  amply  juatitied. 

(If  the  8«-«allet(  veruiiciilites.  two  only,  jefferisite  and  kerrite, 
wero  eonsitlvret)  in  our  former  paper ;  and  these  were  shown 
to  bo  trihrdratiHi  mieas.  in  which  the  original  alkalies  had 
Ihh'u  replaced  by  hydrogen.  To  these  examples  we  now  add 
st>voral  others ;  of  which  two  varieties  afford  excellent  checks 
uiM>n  the  eariior  work.  The  two  minerals  in  qneetion  are  an 
aUvr^Ml  liiotite  fri.t«i  the  zxtvow  mine  in  Hendereon  Conntj, 
N-  <\,  and  the  prirtovermiculite  from  Magnet  Cove.  Arkansas, 
ilew.'riliwl  some  years  ago  by  Koenig.  The  analyses,  with 
iteniietH]  water  detenuJnations.  aiv  as  follows : 
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The  analysis  of  protovermicalite  agrees  with  that  of  Konig 
as  well  as  could  be  expected,  but  is  carried  out  somewhat  more 
in  detail.  In  its  appearance  the  mineral  was  dark  brown,  broadly 
foliated,  much  decomposed,  and  very  brittle.  Before  the  blow- 
pipe it  exfoliates  and  fuses  easily.  The  Henderson  County 
mica  was  also  brown,  brittle  and  decomposed,  exfoliating  when 
heated  and  fusing  at  the  edges.  Both  minerals  were  examined 
optically  by  Mr.  Waldemar  Lindgren.  The  protovermiculite 
he  describes  as  "yellowish,  containing  in  arborescent  forms 
between  the  plates  a  great  deal  of  a  deep  yellow  or  reddish 
substance,  probably  hydroxide  of  iron.  Angle  of  optical 
axes  larger  than  usual.  Slight  pleochroism  ;  thicker  plates 
remain  light  between  crossed  nicols."  Of  the  Henderson 
County  mica  he  says — '*  contains  no  titanium  mineral.  Con- 
tains a  few  grains  of  a  colorless,  strongly  double-refracting 
mineral  of  uncertain  nature,  possibly  zircon.  Plates  nearly 
dark  between  crossed  nicols.  Angle  of  optical  axes  small,  but 
distinctly  observed."  In  the  material  selected  for  analysis  the 
impurities  noted  by  Lindgren  were  so  far  as  possible  removed. 

The  composition  of  each  mineral  reduces  quite  easily,  in 
accordance  with  the  methods  followed  in  our  former  work,  to 
a  mixture  of  simple  isomorphous  types.  The  only  uncertain- 
ties appear  to  be  in  connection  with  the  loosely  combined 
water,  which  is  driven  off  below  300°.  In  the  Henderson 
County  mica  we  have  the  molecules 

/SiO-MgK         /SiO=H.         /SiO=MgH         /O^^ 
Al— SiO=MgH    Al— SiO=H.    Fe-SiO=Mgn    Fe— O^^^ 
\SiO=AI  \SiO=H,         \SiO~Fe  \SiO=H. 

in  the  ratio  8 : 1 :  3^ :  3.  The  loosely  combined  water  is  in  the 
proper  amount  to  inonohydrate  the  four  molecules;  but  its 
actual  distribution  is  uncertain.  In  the  subjoined  table  mono- 
hydration  is  provisionally  assumed.  In  the  protovermiculite 
we  have  the  three  molecules 

Al-SiO;=H;  Al-0>^g  Fe-0>^g 

\  SiO  =H.  \  SiO  =H,  \  SiO  =Al 

each  plus  three  molecules  of  water,  in  the  ratio  14 : 6 :  9.  As 
in  the  case  of  jefferisite  and  kerrite,  the  three  molecules  of 
loosely  combined  water  are  unlike ;  two  being  given  off  over 
sulphuric  acid,  and  the  tliird  retained  rather  more  tenaciously. 
Keducing  the  original  analyses  to  100  per  cent,  uniting  all 
similar  oxides  to  similar  type,  reckoning  FeO  as  MgO,  ]Na,0 
as  K,0,  TiO,  as  SiO„  etc.,  we  get  the  following  comparison 
between  observation  and  theory : 
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Pound, 

Calc, 

Found. 

OiJc. 

SiO. 

39-70 

8990 

3410 

34-18 

Al,6, 

14-12 

14-25 

1453 

14-78 

FeO, 

1311 

13-15 

7-72 

7-20 

MgO 

16-32 

17-08 

22-4] 

22-79 

K,0 

6-17 

6-17 

hIo, 

CBsential 

4-83 

4-87 

6-43 

5-40 

" 

hydration  5-75 

4-58 

15-82 

lfi-65 

Theee  results,  taken  in  connection  with  our  work  on  jeSeri- 
aite  and  kerritc,  and  with  the  mica  theory  npon  which  all  our 
formulas  are  based,  are  exceedingly  suggestive.  KerHte  a 
essentially  a  trihydrated  Iiydro-phiogopite.  Protovermiculite 
is  the  same  substance,  commingled  with  a  tri-hydrated  hydro 
clintonite,  in  the  ratio  1 : 1  very  nearly.  Jefferisite  is  a  similsr 
mixture  of  hydro-biotite  and  hydro  clintonite,  also  trihydrated, 
and  in  the  ratio  1  : 1.  The  Henderson  County  mica  is  essen- 
tially a  biotite,  about  half  way  transformed  into  a  vermicnlite, 
and  is  interesting  as  a  transition  product.  The  hydration  of 
its  several  admixed  molecules  is  naturally  uncertain.  At  an 
early  date  we  hope  to  imitate  experimentally  the  process  by 
which  a  mica  becomes  transformed  into  its  corresponding 
vermiculite. 

But  although  the  above-named  minerals  appear  to  be  very 
simple  in  their  structure  and  relationships,  a  like  simplicity 
does  not  characterize  all  of  the  vermieulitee.  In  some  mem- 
lifi-s  of  the  ijronp  there  seem  to  be  a  small  admixture  of  clilo- 
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cally  by  Mr.  Lindgren,  who  found  in  tbe  kaUite  some  spear- 
shaped,  rhombic,  or  more  rarelj  hexagonal  inclusions  of  a  dark 
brown  mineral,  not  further  identified  His  optical  notes  will 
be  published  in  an  official  bulletin,  later.  Analyses  as  fol- 
lows, with  itemized  water  determinations : 

A.  B.  C.  D. 

HalUte.  Lennll.  Lenni2.  LennlS. 

SiO,  36-64      36-72  36*09      34*90 

TiO, undet.      0-18      0-58      0-10 

A1,0,   9-74  10-06  12-05  10*60 

Fe,0, 907  5-37  667  8*57 

Cr,0, .  0-26  0*46  0*23 

FeO 0*28  0-12  0-11  0-22 

MnO 0-25  0-31  0-27  0*17 

NiO 0*16  020  0*20  019 

MgO 30*05  29-40  27-62  28*21 

BaO trace  

H,0,  105° 2-64  6*40  5-70  4*99 

"     260*^-300*' 1-23  2-68  1-98  1-60 

"     red  beat 10*91  8-69  9-22  9*88 


99-87 


LoRS  over  H,SO^ undet. 


100-39 
6-92 


99-95 
5-84 


99-66 
5-21 


In  these  analyses  we  at  once  see  that  the  combined  water  is 
mostly  in  excess  of  the  crystalline  water,  and  that  the  formulse 
deduced  must  be  correspondingly  modified.  The  molecular 
ratios  are  as  follows : 


A. 

B. 

c. 

D. 

SiO,  

...    ^592 

-614 

•591 

•583 

R.O 

-152 

•134 
•744 

•163 
-698 

•159 

■^•» ^^t 

RO 

...    ^760 

•712 

H,0,  fixed  . . . . 

...    -606 

•483 

•512 

•549 

Aq 

-215 

•504 

•427 

-366 

In  order  to  learn  something  as  to  the  distribution  of  the 
hydroxyl  indicated  by  these  ratios,  resort  was  bad  to  tbe  process 
of  heating  in  dry,  gaseous,  hydrochloric  acid,  as  described  in 
our  former  paper.  From  this  test,  bowever,  the  brown  Lenni 
vermiculite  was  omitted,  as  being  intermediate  in  its  character 
between  the  wbite  and  the  green.  Eacb  experiment  was  made 
at  the  temperature  883''-412''. 

A.  B.  D. 

Hours  heated 16^  16  17 

ILO,  removed 3-42 

1^0         « 8-09 

Molec.  ratio  MgOH -202 

Here  it  is  assumed,  on  the  grounds  of  our  former  work,  that 
the  magnesia  rendered  soluble  by  gaseous  HCl  is  present  as 


i-o» 

1-56 

6-30 

6-57 

-158 

•164 
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MgOH,    Representing  this  by  the  symbol  B',  the  throe  ver- 
miciilites  give  the  following  empirical  formulee : 

Hallite R"...R"«R',«H,.,.(SiOJ^O„„        215  hq. 

White  Lenni R"',„R",„R',„H^  (SiO,)„.0,„        504  aq. 

Green      "      K'"„,R"„,R',„H^  (SiO,).„0^,        306  aq. 

These  reduce  at  once,  subject  to  small  nncertaiotieB  as  to 
hygroscopic  water,  to  mixtures  of  molecules  of  the  hydro- 
clintonite  and  hydro- phlogopite  types,  with  small  amouDts  of 
chloritic  compounds  Mg<SiC).),{MgOH).  and  Mg,(SiO.),H^ 
Upon  this  basis  the  three  minerals  become : 

Hallite AllSiO  ),Mg  II         3  aq.  7  moiecui» 

AlO,MgSiO.H,  18        « 

Mg(,SiO.),(MgOH),  3 

Mg,(SiO.),H.  2 

White  Lenni AI(SiOJ,Mg,H,        8  aq.  6 

AlO.MgSiO.H,  6 

Mg(SiO,),(MgOH).  1 

Green  I^nni Al(SiO  i  Me;  H         3  aq.  4 

AlO,MgSiOH  8 

Mg(,SiO.),(aigOH),  1 

The  actual  ratios  observed  were  slightly  more  complex,  but 
the  foregoing  expressions  accord  well  with  the  analyses.  Here, 
as  previously,  we  may  reduce  the  analyses  to  typical  form  atid 
lot)  per  cent,  reckoning  Fe,0,  as  A1,0„  etc.  Tue  comparison 
is  as  follows: 
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we  consider  the  nature  of  the  vermiculites,  as  products 
tion,  the  agreement  here  shown  is  fully  as  close  as 

expected.     Many  well   crystallized  minerals,  fresh 
;ered,  are  less  simply  interpreted. 
I  19th  of  February,  1891,  Professor  Tschermak  read 
e  Vienna  Academy  a  paper  on  the  chlorite  group,  in 

referred  certain  vermiculites  to  that  class  of  minerids. 
)ut  forth  some  views  concerning  the  constitution  of 
ites,  which,  however,  we  cannot  discuss  until  they 
m  published  in  full.*  One  fundamental  molecule, 
by  Tschermak  as  a  constituent  of  most  chlorites,  we 
)t  for  present  purposes,  under  slightly  different  struc- 
m  from  his.  This  is  the  "amesite  substance,  SiAl, 
,  written  by  Tschermak  SiAI,H,OXMgOH),.  In  de- 
experimental  evidence  this  may  be  transformed  into 
AlHjO,),,  when  it  becomes  part  of  a  natural  chloritic 
•allel  with  the  micas — thus : 

.rthosilicate  .....   Al,(SiO J,  Mg,(SiO J, 
we  derive,                        Micas.  Chlorites. 

Al.(SiOJ,R'.  Mg,(SiOJ,R'. 

AI,(SiOJ,R'.  Mg,(SiOJ,R', 

Al  (SiOJ,R'.  Mg  (SiO j.R'. 

/0\p„  xMg 

Al-0/^  O^        ;SiO,=R' 

\8iO=R',  ^Mg''^ 

words,  the  "  amesite  substance  "  in  our  chlorite  series 
sic  equivalent  of  the  clintonite  molecule  among  the 
id  is  applicable  to  the  solution  of  certain  obscure 
.  Some  of  the  vermiculites,  as  Tschermak  suggests, 
ibly  chlorites,  and  two  examples  have  come  under  our 
1  which  this  view  is  partly  sustained.  Both  were 
7  received  from  Mr.  Jeneris ;  one  from  the  corundum 
Newlin,  Chester  County,  Pa.,  and  the  other  from 
wn,  Delaware  County,  in  the  same  State.  The  New- 
•al  was  dull  green,  and  much  resembled  culsageeite 
wardly  and  optically.  The  Middletown  vermiculite 
;ht  golden  yellow;  strongly  exfoliating  before  the 
!  and  fusible  on  the  edges.     It  was  found  upon  the 

Mr.  James  Painter,  whence  Mr.  Jefferis  named  it 
lally  "  Painterite,"  a  name  which  seems  also  to  have 
)lied  to  a  peculiar  brownish,  waxy,  feldspathic  matrix 

the  broad  golden  laminae  were  imbedded.  A  second 
f  it  was  later  collected  by  one  of  us.     According  to 

per  hB«  appeared  in  extenso  since  this  was  written.  We  cannot,  how- 
«  it  thoroughly  at  present. 
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an  optical  examination  by  Mr.  Lindgren  the  matrix  of  the 
"  painterite  "  is  a  mixture  of  pta^oclase,  probably  labradorite, 
with  serpentine.  The  "  paintente "  itself  shows  hexagon&l 
markings  on  the  surface,  and  contains,  Mr.  Lindgren  says,  in- 
clusions of  ferric  oxide.  (Optically  he  found  it  to  show  slight 
double  refraction  between  crossed  nicola,  the  angle  of  the 
optical  axes  being  small  bat  distinct.  In  the  NewTin  minenl 
the  axial  angle  was  usually  large,  being  at  least  25°.  Analysis 
as  follows :  A,  Newlin.  B,  Painterite  from  JeffeHs.  C,  Pain- 
terite  collected  by  Schneider.     D,  matrix  of  painterite. 


SiO. 

31-23 

34-86 

33-05 

62-47 

TiO. 
Al.(i. 

trace 

trace 

17-52 

11-64 

12-62 

21-72 

Cr.O, 

0-U 

l^* 

1-70 

V-78 

4*40 

1-23 

1-20 

0-20 

0-20 

0.17 

HdO 

0  20 

NIO 

0-33 

0-U 

0  2.3 

HgO 

31-36 

31-32 

30-56 

V-ae 

Wo 

0-07 

noDe 

3-25 

SVo 

0-63 

5'09 

H,0, 

05' 

1-08 

V-64 

1S6 

1-U 

.? 

50°-300 

"   0-40 

1-03 

0-59 

" 

gnilion 

12-)S 

16-7,1 

16-48 

4-74 

Upon   treatinft  the  three  verniipulites  with  gaseous  hydro- 
chloric acid  at  383°-413',  the  following  results  were  obtained: 
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From  the  remaining  ratios,  writing  MgOH  as  K',  the  sub- 
joined empirical  formulae  are  directly  derived : 

Newlin  R"«.  R'.„  R'„.  H..„  (SiO,)^  0„.. 

« Painterite  "  B.  R''  .  R^„.  R'  „  H,„.  (S  OJ...  O    . 

C.  R".„  R'„,  R'„.  H.„,  (SiO,)...  0,„. 

Beduced  to  structural  form  these  give  less  satisfactory 
results  than  the  previously  considered  vermiculitea  The 
Newlin  mineral  may  be  regarded  as  nearly  a  hydroclintonite, 
AlOjMgSiO^H,  witn  an  admixture  of  an  amesite-Iike  com- 
pound Mg,OSiO^(MgOH),  in  the  ratio  4:1.  In  reality  the 
mixture  is  more  complicated,  and  must  contain  other  mole- 
cules. The  **  painterite  "  C,  is  wholly  chloritic,  containing  the 
amesite  molecule  Mfi:,OSiO^(AlH,0,)„  with  the  molecules 
%(SiOJ,(MgOH),  and  Mg(SiO,),H„  in  the  ratio  16:4:18. 
These  compare  with  the  actual  analyses,  reduced  to  typical 
form  and  100  per  cent,  thus : 


Newlln.    . 

»•  Painterite." 

Found. 

Calc. 

Found. 

Gale. 

SiO, 
Al.O, 

32-42 

31-57 

3503 

35-59 

21-39 

21-47 

16-22 

16-13 

MgO 

33-57 

33-69 

31-77 

30-84 

H,0 

12-62 

13-27 

16-98 

17-44 

100-00 

100-00 

100-00 

10000 

MgO  in  MgOH . 

.      6  09 

8-42 

8-56 

9-49 

The  "  Painterite  "  B  reduces  less  easily,  but  satisfies  all  the 
required  conditions.  It  is  like  C,  but  contains  other  chloritic 
molecules  in  somewhat  complex  ratios.  It  must  be  remembered 
that  all  these  minerals  are  mixtures^  and  the  fact  that  they  are 
reducible  at  all  to  simple  expressions  is  a  strong  point  in  favor 
of  the  theory  adopted  for  the  chlorites  and  micas  in  general. 

A  very  interesting  example  of  the  way  in  which  the  chloritic 
vermiculites  approach  the  serpentines  in  composition  and  char- 
acter has  been  furnished  us  by  Mr.  G.  P.  Merrill  of  the  U.  S. 
National  Museum.  It  was  found  by  him  at  Old  Wolf  Quarry, 
Chestnut  Hill,  Easton,  Pa.,  and  is  described  by  him  as  follows : 

"  It  occurs  in  the  form  of  bright  yellowish  green  inelastic 
scales  of  all  sizes  up  to  an  inch  in  diameter,  associated  with  a 
compact  tremolite  rock  which  is  here  quarried  and  pulverized 
for  use  as  a  filler  in  paper  manufacture.  The  character  of  the 
rock  is  greatly  varied,  but  at  the  quarry  opening  the  prevailing 
material  is  tremolite  more  or  less  altered  into  serpentine,  the 
vennieulite,  and  other  secondary  products,  including  calcite  in 
both  fibrous  and  granular  forms. 

The  vermiculite,  although  occurring  in  plates  of  considerable 
thieknesB  readily  separaole  into  thin  folise,  never,  so  far  as 
obierred,  shows  good  crystal  outlines.    Optically  it  is  biaxial 
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and  negative,  thoagh  the  axial  angle  is  small,  basal  plates  in 
the  thin  section  showing  a  black  croes  which  scarcely  opens  >t 
all  daring  the  revolution  of  the  stage.  Cleavage  plates  a  milli- 
meter or  more  in  thickness  show  plainly  the  biaxial  character, 
though  the  figure  is  somewhat  distorted.     Dispersion  p  <  v. 

The  surface  of  the  plates  is  at  times  plainly  marked  by  sharp 
lines  crossing  at  angles  of  60°  and  120°  and  along  which  the 
mineral  frequentlj  separates  readily.  Before  the  blowpipe  tte 
mineral  exfoliates  and  fuses  readily  on  the  edges  to  a  thin 
glass." 

According  to  Mr.  Mernll  this  mineral  is  sometimes  seen  in 
cabinets  labelled  "  talc  ;"  and  indeed  in  its  appearance  it  resem- 
blea  both  talc  and  serpentine.    Upon  analysis  the  following  , 
results  were  obtained,  ttie  percentage  of  K,0  representing  Iwi* 
identical  determinations.  | 

An«1y«U.  Holec.  tMIm 

■728 


SiO, 

Al6 

.-    4a-n 

Fe'o' 

MtJo* 

K  0 

-.     je-6S 

nLo 

..         0-13 

"     ignition 

.  -         009 
--      10-TO 

Treated  with  dry,  gaseous  HCl  iit  S»S°-il%°  for  Id^  houre. 
4'3t>  per  cent  of  magnesia  became  soluble,  correeponding  in 
molecular   ratio   to    109    mol.    Mtr'Ul.      Mence   the   minera). 
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mme  that  mineral  to  be  present  as  an  impurity.  Deduct- 
m  the  molecular  ratios  given  above  the  quantity  of  talc 
ed  by  experiment  we  get  for  the  empirical  formula  of 
neral  the  expression 

becomes,  if  the  excess  of  oxygen  is  regarded  as  hydroxy  1, 
\igOH)„,  as  observed, 

Mg„.K„H...(MgOH).,.(AlH,0,)„(OH).. 

nail  excess  of  hydroxyl  is  probably  due  to  undistributed 
of  analysis,  and  may  be  added  to  the  MgOH,  bringing 
ter  to  118,  and  reducing  the  Mg  to  820.  Then,  general- 
by  uniting  all  the  univalent  groups  and  atoms  we  get  as 
mate  formula 

Mg„,(SiO.)...R',..., 

equals,  almost  exactly, 

125  Mg,(SiO,),R',  +  223  Mg,(SiOJ,R^, 

It  in  accordance  with  our  serpentine-chlorite  theory, 
istribution  of  the  several  components  of  R'  is,  however, 
iar,  and  remains  to  be  as«'.ertained.  No  other  discussion 
:  analysis  appears  to  give  as  satisfactory  results  as  this^ 
e  have  tried  several  methods  of  reduction,  representing 
s  hypotheses. 

!  other  mineral  examined  during  this  investigation  remains 

loticed  ;  a  pale  yellowish-green  mica  collected  by  Mr.  G. 

rrill  at  a  granite  quarry  in  Auburn,  Me.,  near  where  the 

Central   railroad  crosses  the  Androscoggin  river.     It 

in  direct  contact  with  ordinary,  broadly  foliated  mus- 

sometimes  forming  marginal  growths  about  the  plates 

latter  mineral,  like  lepidolite.     Analysis  gave: 

SiO, 46-54 

A1,0, 34-96 

Fe,0, 1-59 

MgO 0-32 

K,0 10-38 

Na,0 0-41 

F none 

H,0,  105°    0-71 

"      ignition 4*72 

99-63 

J  the  composition  of  muscovite,  which  the  mica  undoubt- 
8.  The  case  is  interesting,  however,  as  showing  a 
lary  growth  of  muscovite  on  muscovite,  with  a  marked 
tnce  in  outward  appearance  between  the  two  formations. 

atory  U.  S.  Geological  Survey,  Washington,  D.  C,  April  27,  1891. 
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Abt.   XXIV.— ^   FiiHher  Note  on  the  Age  of  the  Orange 
Sonde  ;  bj  R.  D.  Salisbubt. 

In  a  recent  number  of  this  Jonrnal,  President  Chamberlin 
and  the  writer  Bet  forth  what  seemed  to  ae  sufficient  reasooe 
for  believing  the  whale  of  the  Orange  Sand  aeries  of  eande 
and  gravels  to  be  of  Fre-pleistocene  age.  The  argamenU 
there  adduced  we  still  believe  to  be  snmcient  to  warrant  the 
conclusions  drawn  from  them. 

Since  that  article  appeared,  some  new  facts  have  come  to 
our  knowledge  which  anord  new  and  more  direct  proof  of  the 
correctness  of  the  position  then  taken.  Until  this  season's 
work  in  the  field  began,  it  was  not  known  to  ns  that  tbe 
Orange  Sand  gravels  reached  so  far  north  as  the  soiithem  bor- 
der or  the  glacial  drift.  They  had  been  searched  for  along  the 
southern  border  of  the  drift  north  of  the  area  where  they  »re 
best  known,  in  the  hope  tli.it  they  might  be  found  beneath  the 
glacial  deposits,  bat  this  search  had  been  fruitier,  so  far  as  the 
particular  uuestion  at  issue  is  concerned. 

During  tiie  early  jtart  of  tliis  eeasoii's  field-work,  tbe  writer 
spent  soma  time  in  the  region  between  the  Mis&iBsippi  and 
Illinois  rivers  above  the  point  of  their  junction.  In  thif 
region,  in  the  counties  of  Calhoun,  Pike,  Adams  and  Hancock, 
the  Orange  Sand  gravels  were  found  to  ol>tain  a  eonsidenlile 
development.  These  counties  are  well  north'  of  the  eoutiiern  I 
limit  of  the  glacial  drift,  and  the  gravel  is  uniformly  found  b) 
occnpy  a  position  beneath  it.  Among  other  places,  this  reli- 
tionsliip  is  welt  shown  near  Bloomtield.  Adams  eountv.  where  ^ 
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Apart  from  the  obviouB  proof  of  the  preglacial  a^e  of  these 
gravels  and  sands  afforded  by  the  saperposition  of  the  drift 
a  pen  them,  the  character  of  the  till  affords  a  further  proof  of 
the  same  thing.  If  the  sands  and  gravels  occupied  the  region 
before  the  ice  invasion,  they  should  have  made  their  contribu- 
tion to  the  drift.  This  they  have  done,  and  so  generously  that 
at  many  points  and  over  considerable  areas  the  character  of  the 
drift  has  been  in  very  large  measure  determined  by  this  contri- 
bution. 

To  the  arguments  adduced  in  the  article  referred  to  above 
for  the  Pre-pleistocene  reference  of  the  Orange  Sand  gravels 
and  sands,  must  now  be  added  the  further  arguments  of  (1) 
superposition  of  the  earlier  glacial  drift  upon  them,  and  (2) 
the  contribution  of  these  sands  and  gravels  to  this  drift. 

Subsequent  to  the  writer's  determination  of  the  existence  of 
Pre-pleistocene  material  in  the  region  indicated,  reference  to 
the  reports  of  the  Illinois  Geological  Survey  revealed  the  fact 
that  in  the  reports  on  Pike  and  j&ancock  counties,  the  Illinois 
geologists  had  made  note  of  the  fact  that  ferruginous  flint 
gravels  occur  beneath  the  drift  in  these  counties,  and  that 
they  had  further  correlated  them  with  the  gravels  in  the  south- 
ern part  of  the  state.  To  them,  therefore,  belongs  the  credit 
of  the  first  recognition  of  these  gravels,  as  wholly  distinct  from 
the  drift.* 


A.BT.  XXV. — Note  on  the  Causes  of  the    Variations  of  the 
Magnetic  Needle  ;  by  Professor  Frank  H.  Bigelow. 

In  May,  1890,  I  published  in  Bulletin  No.  18  of  the  U.  S. 
Scientific  Expedition  to  West  Africa,  a  preliminary  statement 
of  a  new  theory  of  terrestrial  magnetism  which  had  been  con- 
ceived in  order  to  account  for  the  observed  variations  of  the 
free  magnetic  needle.  Since  that  time  my  efforts  have  been 
directed  towards  obtaining  a  clear  conception  of  the  mode  of 
action  of  the  forces  whose  relations  were  indicated  in  the 
Bulletin,  and  I  am  now  prepared  to  add  a  note  as  a  further 
preliminary  statement  of  the  progress  made  in  this  study. 

On  re-examination  of  the  mode  of  analysis  already  published, 
I  find  that  the  main  conception  is  not  to  be  modified  and  that 
the  successive  steps  are  correct.  When  making  an  attempt  to 
reduce  the  observations  by  means  of  this  treatment,  namely, 
the  combination  of  current  functions  by  the  use  of  harmonics, 
it   Was  evident  that  a  very  complex  system  of   computation 

*  I  am  unable  at  this  writing  to  refer  to  the  Illinois  reports,  and  therefore  can- 
not cite  the  exact  references  to  the  statements  therein  made.  B.  d.  s. 
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would  be  required.  My  endeavor  was,  tlierefore,  to  simplify 
the  fundamental  treatment  so  as  to  aecnre  not  only  a  Booad 
theory,  bat  also  a  working  process  for  handling  the  obaervatioM. 
To  do  this  two  distinct  sets  of  trial  computations  were  made, 
first  by  the  theory  of  moments  about  the  rectangular  axes 
whose  origin  was  in  the  spherical  surface  passing  through  the 
north  end  of  the  needle,  concentric  with  the  surface  of  the 
earth,  and  forming  equations  whose  solution  would  give  the 
required  constants  of  the  phenomenon.  This  also  failed  to  be 
snSieiently  simple  and  direct  to  show  the  action  in  its  general 
relations.  The  second  attempt  was  an  empirical  one,  for  the 
time  abandoning  theory,  and  building  up  from  the  simultane- 
ous observations  in  various  parts  of  the  earth  such  an  exhibi- 
tion of  facts  as  would  display  the  real  nature  of  the  laws 
behind  them.  This  trial  has  been  successful  far  beyond  antici- 
pation, and  that  too  in  a  simple  and  practical  form.  The 
theory  is  at  best  complicated,  as  it  depends  npon  the  laws  of 
magnetic  induction  in  their  most  complex  conditions,  but  it 
unities  and  classifies  harmoniously  all  the  visible  motions  of 
the  needle. 

My  method  and  result  are,  briefly,  as  follows :  The  month 
of  June,  ]8tj3,  was  selected  because  of  the  material  collected 
in  the  publications  of  the  International  Polar  Commission 
applicable  simultaneously  over  a  large  area  of  the  earth,  alw 
because  the  north  polar  stations  were  at  that  time  exposed  to 
sunlight  throughout  the  twenty-four  hours.  The  statiotu 
used  were :  Point  Barrow,  Fort  Rae,  Kiugua  Fjord,  Jao 
Mayen,  Boesekoj),  Sodanltyla,  Pawlowsk,  Wilhelm  shaven, 
Vienna,  Tiflis,  Za-Ki-Wei,  Cape  Horn,  South  Georgien.  The 
Tnoiitl.l.v  iwAU^  Un-  e;i<-h  h.,iir  local  time  of  the  horizontal  <m\ 
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certain  meridians  for  the  hours,  and  supposing  the  permanent 
pole  to  take  np  its  position  from  one  meridian  to  another,  there 
was  finally  collected  upon  these  meridians  representing  a  series 
of  local  hour  angles,  now  referred  to  the  sun  as  if  the  earth 
had  ceased  to  rotate  on  its  axis,  an  exhibition  of  what  exists 
over  the  globe  at  the  same  instant  of  time. 

The  result  is  most  interesting  and  gratifying,  but  I  can  only 
indicate  now  what  could  be  elaborated  by  a  mass  of  computa- 
tions. It  is  difficult  to  convey  any  view  of  the  complicated 
system  of  lines  of  force  produced  by  inserting  a  magnetized  or 
polarized  sphere  in  a  field  of  force,  supposing  the  sphere  at 
rest ;  if  it  rotates  it  is  much  more  troublesome.  These  refer- 
ences, however,  may  be  cited:  Sir  W.  Thomson  in  §  xxxii,  p. 
486,  Papers  on  Electrostatics  and  Magnetism,  illustrates  some 
of  the  lorms  produced  in  the  case  of  symmetry,  that  is,  the 
axiB  of  polarization  being  parallel  to  the  field ;  in  article  484, 
Vol.  II,  Maxwell's  Electricity  and  Magnetism  a  similar  illus- 
tration is  found ;  in  article  436  of  the  same  is  given  an  ex- 
ample of  the  sphere  being  placed  at  an  angle  to  the  field. 
The  mathematical  treatment  of  these  cases,  when  once  the 
oonstants  involved  are  known,  leads  to  certain  typical  lines  of 
force  entering  the  sphere  at  definite  angles  corresponding  to 
the  latitude  of  the  point.  Furtliermore  when  the  sphere  is 
rotated  the  whole  system  recedes  through  an  angle  depending 
on  the  constants,  as  indicated  in  the  Bulletin.  My  model  gives 
the  angles  and  directions  corresponding  to  such  a  system,  if  we 
take  the  radiant  suidight  as  the  unifm^ni  field  of  force^  direc- 
ted positive  towards  the  svn.  The  entering  and  emerging 
forces  are  on  the  respective  sides  of  the  earth,  and  the  wnole 
aystem  is  receding  by  about  twenty-three  degrees.  The  peculiar 
K>rm  of  the  polar  station  lines  and  the  inclination  of  their 
planes  of  action  to  the  meridians  is  well  displayed.  The  sta- 
tions all  over  the  world  bear  the  same  testimony.  The  action 
of  the  coronal  field  is  entirely  similar  but  not  strong  enough 
to  appear  on  the  model.  The  separation  of  the  two  fields  is 
merely  a  question  of  close  computation. 

There  remains  one  more  important  point.  The  positive 
direction  of  the  earth's  permanent  magnetism  is  from  the 
north  towards  the  south  side  of  the  ecliptic  y,  the  uniform 
field  is  positive  towards  the  sun  z,  the  motion  of  the  earth  in 
its  orbit  x,  is  perpendicular  to  the  field.  If  these  are  taken  as 
the  nsual  rectangular  x,  y,  z,  they  form  a  consistent  positive  or 
right-handed  cyclic  system.  In  a  word,  the  permanent  mag- 
netic condition  of  the  earth  may  be  principally  due  to  the 
orbital  motion  of  the  earth  through  the  radiant  field  of  sun- 
light. The  rotation  of  the  earth  on  its  axis  causes  a  modifica- 
tion of  the  direction  of  the  axis  of  polarization,  by  diminishing 
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the  angle  between  the  two  axes,  and  as  the  resnlt  of  the  annul 
motion  may  cause  it  to  rotate  in  a  Becular  period  abont  the  axb 
of  figure,  or  if  the  magnetization  hae  already  become  aet  in  the 
body  of  the  earth,  may  cause  a  Bucceseion  of  secular  wavee  to 
sweep  over  it  from  east  to  west,  as  is  shown  to  be  the  case  in 
the  history  of  the  agonic  lines  and  the  long  period  deflectioos 
of  the  needle. 

This  surprising  identification  of  magnetic  and  light  action  of 
the'  radiations  of  the  Bun  in  direction  will  be  recognized  as 
harmonizing  with  the  conclusions  arrived  at  by  Maxwell  and 
Hertz  in  their  investigations.  If  hght  is  to  be  studied  as  a 
magnetic  phenomenon  it  adds  a  large  field  to  the  work  allotted 
to  meteorology.  Furthermore,  several  important  physical  con- 
Btants  relating  to  the  cosmical  action  of  the  sun  and  the  earth, 
and  also  the  implied  nature  of  the  sun  and  the  earth  as  physicil 
bodies  are  becoming  accessible.  Attention  is  directed  to  the 
fact  that  such  a  force  acting  towards  the  center  of  the  snn, 
being  cosmical  or  universal,  is  of  the  kind  requiredto  account  for 
the  outstanding  motion  in  the  perihelion  of  Mercury,  no! 
inijlnded  in  the  development  or  the  law  of  gravitation  or  ite 
positive  side.  My  next  step  is  to  form  the  necessary  equations 
of  condition  and  solve  them  for  the  constants  involved  in  the 
magnetic  observations. 

WaBhiDgtOD,  D.  C,  July  31,  1891. 
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aminuniy  sodium  or  silver.  With  alcohol  and  ether  it  reaots, 
ielding  ethyl  iodide  and  ortho-borio  acid  in  the  former  case  and 
hf\  iodide  and  ethyl  ortho-borate  in  the  latter. —  C.  JS.,  cxii, 
17;  Ber.  Berl  Chem.  Oes.,  xxiv,  (Ref.)  387,  May,  1891. 

G.  F.  B. 

2.  On  Hydrcuine  hydrate  and  the  compounds  of  Diammanium 
ith  the  Halogens,  —The  researches  of  Cubtius  and  ScHuiiZ  have 
lown  that  hydrazine  hydrate  N,H^ .  H,0,  prepared  by  distilling 
le  sulphate  with  potassium  hydrate,  is  a  liauid  boiling  at  118*5 
Older  739*5  mm.  pressure  and  having  at  21  the  specific  gravity 
0305.  Its  molecular  mass  at  100°  in  vacuo  is  50,  corresponding 
>  the  formula  N,H^.H,0.  At  170°  under  the  ordinary  pres- 
ire,  the  hydrate  is  completely  dissociated  into  diamide  and 
ater.  At  higher  temperatures  the  molecular  mass  diminishes 
larkedly  not  reaching  50  again  at  ordinary  pressures  even  at 
)0°  to  400°.  In  a  lead  bath,  however,  numbers  approaching  100 
ere  obtained.  Hydrazine  hydrate  in  aqueous  solution  gave  ap- 
roximately  the  molecular  mass  68,  corresponding  to  the  composi* 
on  N,H^ .  (H,0),.  Comparing  this  hydrate  with  ammonia,  as  to 
8  action  on  indicators,  this  action  was  shown  to  be  as  sharp  in  all 
ises  except  that  of  pbenol-phtbalein.  When  aqueous  solutions  of 
jrdrazine  are  neutralized  with  a  haloid  acid,  and  evaporated  first 
1  the  water-bath,  then  over  potassium  hydrate,  halogen-diam- 
lonium  salts  are  formed,  by  preference  with  two  equivalents  of 
sid.  The  bromide  and  iodide  with  one  equivalent  of  acid  are 
»rmed  when  the  free  halogen  is  made  to  act  on  an  alcoholic  soln- 
on  of  hydrazine,  a  portion  of  the  hydrazine  being  decomposed, 
he  bi-acid  salts  crystallize  in  the  regular  system,  are  soluble  in 
ater,  almost  insoluble  in  alcohol.  The  mon-acid  salts  are  easily 
>luble  in  water  and  warm  alcohol.  Tri-hydrazine  di-iodhydrate 
^H,, .  (HI),  is  formed  when  iodine  is  added  to  an  alcoholic  solu- 
on  of  hydrazine  so  long  as  crystals  appear.  As  to  the  molecu- 
r  mass  of  the  halogen  diammonium  compounds  in  aqueous 
>lut]on,  it  is  found  to  be  with  the  mono-halogenides,  the 
fluoride  and  the  sulphate  equal  to  one-half,  with  the  di-halogen- 
lea  generally  equal  to  one-fourth  and  with  the  tri-hydrazine 
i-iodhydrate  equal  to  one- fifth  the  simplest  formula. — J.  pr,  Ch,^ 
iii,  521 ;  Ber,  Berl  Chem,  Ges,^  xxiv,  (Ref.)  256,  Apr.  1891. 

G.  F.  B. 

3.  On  the  Synthesis  of  Indigo-carmine, — Hkymann  has  suc- 
»eded  in  effecting  the  synthesis  of  indigo-carmine,  the  disulpho- 
jid  of  indigo,  by  acting  upon  phenyl-glycocoll  with  fuming 
ilpburic  acid.  If,  for  example,  phenyl-glycocoll  be  mixed  in  a 
fit  tube  with  ten  to  twenty  times  its  mass  of  fuming  sulphuric 
»d  containing  20  to  25  per  cent  of  sulphuric  oxide,  and  gently 
armed,  it  dissolves  with  a  yellow  color,  evolving  sulphurous 
ade  gas.  On  pouring  the  solution  upon  ice,  it  rapidly  assumes 
16  sreenish  blue  color  of  indigo-carmine.  For  its  production, 
e  following  method  gives  the  best  results  :  One  part  of  phenyl- 
ycocoll  is  mixed  with  10  to  20  parts  of  sand  and  then  intro- 
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dnced  into  20  timco  its  mass  of  fuming  snlphario  acid,  wanned 
to  20°  or  25°,  coDlaining  80  per  cent  Hutpiiiiric  oxiiie;  tbe 
temperature  not  being  allowed  to  rise  above  30°,  The  glycocoll 
goes  easily  into  solution  with  a  yellow  color  whiob  at  once  with 
evolation  of  sulphurous  oxide  passes  into  tbe  deep  blue  color  of 
the  indigo-solution.  To  remove  the  concentrated  acid,  the  raus 
is  dilated  with  sulphuric  acid  of  66°  B.  The  coloring  maiterii 
isolated  by  farther  dilution  with  ice  and  the  addition  of  sail. 
As  eo  prepared  the  product  is  completely  pure  iudigo-carminf. 
The  colors  obtained  in  dyeing  with  it  far  exceed  in  brilliancy 
those  obtained  from  the  best  varieties  of  commercial  indigo.  It* 
identity  with  the  natural  product  was  established  by  means  of  in 
chemical  reactions,  by  dyeing  tests  and  by  spectroscopic  exami- 
nation. The  yield  is  about  60  per  cent  of  the  glycocoll  taken.— 
Ber.  JBerl.  Chem.  Get.,  xxiv,  U76,  May,  1891.  g.  f.  b. 

4.  Lefona  sur  let  Mkavx,  profess^es  i  la  Faculte  des  Sciencn 
de  Paris.  Par  Aurkd  Ditte,  Professeur  de  Chimie  &  la  Kaealte, 
Premier  FancicnJe.  4to,  pp.  44,  Iviii,  621.  Paris,  1891.  (Vje 
Ch.  Dunod.) — To  judge  from  the  part  of  Professor  Ditte'a  hook 
now  before  us,  the  complete  work  will  be  a  valuable  addition  M 
chemical  literature.  It  is  written  largely  from  the  standpoint  of 
energy.  In  his  preface  the  author  says;  "The  principles  of 
Thenno-chemistry  and  the  consequences  which  flow  from  them, 
teach  us  not  only  to  explain  reactions,  but  also  frequently  to  fore- 
■ee  them  and  to  discover  in  advance  what  phenomena  will  be 
produced  when  two  or  more  substances  are  put  together  under 
determined  conditions.  On  the  other  band  when  two  rcactioiH 
arc  simultaneously  possible  the  laws  of  dissociation  enable  iiis  to 
define  rigorously  the  conditions  of  eqilibrium  which  must  be 
Mtablished  between  them.  In  general  a  rational  application  of 
there  principles  and  these  laws  enables  us  to  say,  often  even 
before  making  the  experiment,  why  one  given  reaction  is  eertain 
I  renAiU,  while  anolber  reaction  is  impossible;  why  an  aeiion 
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atomic  theory  now  generally  employed.  The  great  advantage  of 
coDBidering  the  heat-cbangea  in  all  reactions,  and  the  evident  care 
with  which  tlie  deacriptive  part  has  been  written,  will  make  Pro- 
fessor Ditte's  book  acceptable  to  the  chemist.  We  shall  loolc 
with  interest  for  the  remaining  parts.  o.  f.  b. 

II.   Gkology  and  Natural  History. 

1.  C'ompoailion  of  the  Till  or  Bowlder-Clay ;  by  W.  G. 
Crosby  (Proc.  Bost.  Soc.  Nat.  Hist.,  xsv,  1890).— In  this  paper 
Professor  Crosby  gives  the  results  of  an  investigation  of  the 
{facial  deposits  in  the  vicinity  of  Boston.  His  analyses  show 
that  the  proportion  of  true  clay  in  the  till  is  small  and  that  of 
rock-flour,  or  very  finely  pulverized  rock,  is  large.  He  concludes 
that  the  proportion  of  stones  over  two  inches  in  diameter  is  not 
over  5  to  10  per  cent.  His  results  give  for  the  gravel,  2-1-90  per 
cent ;  the  sand,  19-51 ;  the  rock-tlour,  43-86  ;  the  clay,  11-67  = 
99-94.  Id  his  table,  each  of  these  divisions  of  the  material,  ia 
farther  subdivided  into  coarse,  medium  and  fine.  Moreover,  be 
gives  his  results  for  each  of  the  different  localities  studied.  In 
the  redistribution  of  the  material  by  the  glacial  flood,  the  rock- 
flour  goes  with  the  clay,  adding  to  its  volume,  so  that  the  clay- 
beds  embrace  fully  half  of  the  original  material  of  the  till.  The 
rook-flour  was  found  to  be  essentially  quartz-flour — this  being  the 
final  result  of  disintegration  and  the  consequent  decomposition — 
according  with  Daubree's  observation  that  the  milky  turbidity 
of  the  Rhine,  even  for  hundreds  of  miles  from  the  Alpine 
g^laoiers,  is  due  chiefly  to  impalpable  quartz.  It  is  further  con- 
cluded that  of  the  material  of  the  till,  one-third  is  probably  of 
praglacial  erosion,  and  two-thirds  of  glacial  erosion.  The  amount 
<Kf  rook-flour  is  evidence  in  favor  uf  this.  But  the  fact  does  not, 
Furfessor  Crosby  observes,  lend  support  to  the  vicV  tbat  the 
•  '■tiroloimdly  modified  the  topography  of  the  glaciated 
These  are  a  fev^  *>'  ^''^  important  facts  and  conclusions 
j  Professor  Crosby's  excellent  paper. 

\jt-  Geology  of  the  Rocky  Mountain  Region  in  Canada  with 
tdal  reference  to  changes  in  Elevution  and  to  the  IZiatory  of 
I  Glacial  Period;  by  Dr.  G.  M.  Dawson. — The  eighth  vol- 
lae  of  the  Transactions  of  the  Royal  Society  of  Canada,  con- 
4ns,  among  its  papers,  the  very  valuable  Presidential  Address 
t  X>r.  G.  M.  Dawson  on  the  above  subject.  The  Meaozoic  and 
'srtiary  history  occupies  22  pages,  and  the  Glacial  history  the 
lUowing  50  pages. 

The   GreeutUma  Schist  areas  of  the  Menominee  and  Mar- 

\gioiis  of  Michigan,-  by  Professor  G.  H.  Williams.    218 

,  with  plates  and  cuts.     Bulletin  U.  S.  Geol.  Survey,  No. 

lie  important  subject  here  discussed  ably  and  with  great 

,  bj  tne  anthor  ia — the  Methods  in  which  a  massive  crys- 


260  Scieni^  /ntelligenct, 

talline  rock  may  be  modified  by  the  action  of  orographic  forces. 
The  three  methods  mentioned — the  Macro-strnctoral,  Micro- 
fltructnral  and  Mineralogical,  are  severally  coDsidered,  and  the 
results  nnder  each,  as  recognized  by  the  author,  are  described 
in  detail,  and  illustrated  by  his  microscopic  study  of  the  Green- 
stone schist  and  the  associated  rocks. 

4.  Some  Botanic  Gardens  in  the  Equatorial  StU  and  in 
the  South  Seas.  (Second  paper.) — The  voyage  from  Colombo, 
Ceylon,  to  Adelaide,  South  Australia,  is  not  far  from  4,400  miles. 
After  leaving  th«  harbor,  land  covered  with  tropical  vegetation 
and  shores  fringed  with  mangrove  are  kept  in  sight,  nntil  the 
once  prominent  port  at  Point  de  Galle  sinks  from  view,  and  then 
a  fairly  straight  run  is  made  for  Cape  Leeuwin.  Rounding  this, 
the  distant  shores  of  West  Australia  sre  skirted  as  far  as  tbe 
Head  near  King  George's  Sound,  at  Albany,  after  which  no  land 
is  seen  until  Kangaroo  Island  is  reached  about  the  fourteenth  day 
out.  The  landing  is  made  in  a  steam  launch  which  runs  in  all 
weathers,  sometimes  in  pretty  rough  water,  through  an  open 
roadstead,  up  to  a  jetty  at  the  Semaphore,  the  terminus  of  > 
suburban  railway  lending  to  the  City  of  Adelaide,  Pasdengerg 
by  the  Peninsular  and  Oriental  line  land  at  Glenelg,  a  little 
farther  south. 

The  clouds  of  grasshoppers  which  met  us  at  the  landing  did 
not  presage  a  very  happy  condition  of  things  in  the  fields  and 
gardens.  But  the  mischief  thus  far  wrought  by  them  had  been 
bcal  and  hardly  so  severe  as  had  been  dreaded.  It  was  now  the 
middle  of  December  (the  southern  summer)  and  the  ground 
seemed  dry,  but  the  crops  around  the  city  were  in  good  color  and 
strong. 

For  a  comparatively  new  city,  Adelaide  is  fairly  well  shaded 
with  trees.     The  suburbs  are  attractive.     Northeast  of  the  city 
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the  main  attractions  of  the  garden  to  the  citizens.  The  citizens 
with  whom  I  conversed  were  justly  proud  of  the  establishment. 

The  Viotoria  regia  house  is  one  of  the  principal  features  of  the 
garden,  but  the  condition  of  the  plants  at  the  time  of  my  visit 
was  a  disappointment.  It  seemed  as  if  the  method  of  heating  by 
water  from  an  open  boiler  might  be  at  fault.  It  was  not  easy  to 
see  how  the  water  could  contain  as  much  air  as  in  the  ordinary 
method  of  heating  by  pipes  through  the  tapk,  and  it  appeared  as 
if  this  was  at  the  bottom  of  the  mischief. 

The  other  houses  looked  well  for  the  season.  The  selections  in 
them  appeared  judicious  and  many  individual  plants  were  of 
exceptionally  good  growth.  Considerable  prominence  was  given 
to  horticultural^  and,  one  may  say,  utilitarian  aspects  of  vegeta- 
tion. This  doubtless  ser^'es  to  augment  the  interest  felt  bv  the 
general  public,  from  whom  directly  or  indirectly  all  the  funds 
come. 

A  Museum  for  economic  botany,  well-arranged,  and  full  of 
good  illustrations  of  the  subject,  occupies  a  conspicuous  place  in 
the  grounds.  Its  most  attractive  department  is  a  collection  of 
the  leguminous  plants  which  have  proved  pernicious  to  stock. 
The  carpological  series  is  good,  and  the  products  of  the  useful 
plants  are  well  displayed.  In  a  separate  apartment  was  seen  the 
nerbarium  of  the  director,  Dr.  R.  Schomburgh,  who  was  even 
then  prostrated  by  illness  which  has  since  terminated  fatally. 

Although  confined  to  his  room  and  a  great  sufferer,  the  ven- 
erable Director  received  me  on  two  occasions  and  conversed 
freely  about  his  plans^  all  of  which  looked  in  the  direction  of 
increasing  the  local  interest  in  Botany  and  Horticulture. 

Very  profitable  botanical  excursions  can  be  made  from  Ade- 
laide. 1  he  hand-book  for  the  neighborhood  is  a  recent  Flora  by 
Professor  Tate  of  the  University.  It  is  handy  and  accurate. 
Visitors  who  may  have  time  for  botanical  studies  in  any  of  the 
Australasian  colonies  should  be  reminded  that  in  almost  every 
large  city  there  can  be  found  a  botanist  or  two  well  acquainted 
with  the  most  desirable  localities  for  herborizing.  Judging  from 
my  own  experience  in  obtaining  their  advice,  these  local  botanists 
are  not  easily  wearied  in  well-doing.  Some  of  the  local  collec- 
tions are  enriched  by  notes  taken  on  the  spot,  and  possess  great 
interest. 

Melbourne, — It  was  my  good  fortune  to  make  the  journey 
from  Adelaide  through  Ballaarat  to  Melbourne  in  company  with 
Mr.  Samuel  Dixon,  of  South  Australia,  who  has  acquired  an  ex- 
cellent knowledge  of  the  flora,  and  has  occupied  himself  with 
some  of  the  more  interesting  industrial  questions  connected  with 
the  forage  plants  of  the  Colonies.  The  first  and  last  part  of  this 
railway  journey  of  about  500  miles  was  made  in  the  afternoon 
and  early  morning,  and  gave  a  glimpse  of  high  lands  and  of  the 
dreary  desert  scrub,  with  here  and  there  a  view  of  good  soil  and 
rich  growth. 
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In  passing,  it  may  be  noted  that  the  railway  jonmev  nortfaeMt 
from  Adelaide  to  the  famous  silver  mines  at  Broken  Hill  in  Ke* 
Santh  Wales  brings  before  the  tourist  capital  illustrations  of  tme 
Australian  deserts.  In  tact,  the  town  of  Broken  Hill  lies  within 
sight  of  one  of  the  spols  where  the  great  explorer  Start  vu 
imprisoned  by  the  lack  of  water.  The  scanty  vegetation  far- 
nishes,  as  so  many  Australian  plants  elsewhere  do,  striking 
instances  of  adaptation  to  a  dry  climate;  the  locality  is  bo 
readily  accessible  that  it  should  not  be  left  anvisitea,  Mr, 
Dixon  gave  many  facts  relative  to  the  utilization  of  deserts  and 
of  desert  plants  in  that  region,  which  he  has  incorporated  in  an 
instructive  article  published  in  the  Proceedings  of  the  Royal 
Society  of  South  Australia  (vol.  viii). 

I  had  also  the  benefit  of  Mr.  Dixon's  guidance,  the  following 
day,  in  my  first  informal  visit  to  the  Botanic  Garden  of  Melbourne. 

The  garden  is  about  a  mile  south  of  the  city  itself,  and  lies  on 
the  narrow  river,  the  Yarra,  which  flows  through  Melbourne. 
The  situation  is  good,  but  the  soil  in  some  parts  is  far  from  the 
best.  The  Australian  flora  is  represented  by  fine  old  speumens, 
if  one  can  oall  anything  old  in  such  a  new  country,  and  by  yoong 
plants  which  have  been  added  in  recent  years. 

The  garden  abounds  in  efTective  views  which  are  much  appre- 
ciated by  the  citizens.  As  in  all  new  countries,  for  instance,  our 
own,  there  Is  a  good  deal  of  pleasant  rivalry  between  the  larger 
places;  in  the  botanical  gardens  of  Australia  there  is  found  a 
convenient  object  for  comparison.  The  judicious  visitor  cannot 
go  far  wrong  m  his  answers  to  anxious  inquiries  as  to  respective 
excellences  o(  the  gardens,  where  there  is  so  much  to  please  and 
so  little  that  calls  for  unfavorable  criticism. 

In  the  Melbourne  Garden  the  most  attractive  groaps  of  pliDli 
are  (1)  the  Proteaceoua,  composing  a  striking  mass  of  shrubs  ud 
eraull  lrff.t  m:iiiy  <j(  wbiijh   IkiijjjijiiuJ   to  be  in   flower:    (2)  the 
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His  Handbook  of  Victorian  Plants  is  easy  to  ase  after  one  be- 
comes accostomed  to  the  dichotomous  arrangement,  and  it  is  very 
helpful  in  the  minuteness  of  its  descriptions.  The  Baron  has 
done  hard  work  in  economic  botany  as  applied  to  Australia  and 
in  the  endeavor  to  make  the  useful  plants  of  the  colonies  better 
known  in  the  Old  World  and  in  America.  As  everybody  knows, 
such  work  is  always  a  thankless  and  ungracious  task,  for  the 
mistakes  and  failures  in  the  introductions  are  likely  to  outnumber 
the  successes.  In  everything  concerning  the  advancement  of  the 
colonies,  Baron  Mueller  has  taken  a  hearty  interest  and  is  in 
every  way  identified  with  his  adopted  home. 

Besides  the  incipient  economic  Museum  at  the  Botanic  Garden 
and  the  large  collections  under  the  charge  of  Baron  Mueller 
there  is  an  interesting  botanical  department  connected  with  the 
Melbourne  Museum.  This  is  under  the  direction  of  Mr.  J. 
Cosmo  Newbery,  and  is  now  being  re-arranged  previous  to  its 
final  disposition  in  the  new  Museum  building.  The  specimens 
which  illustrate  the  cereals  and  their  products  were  nearly  ar- 
ranged at  the  time  of  my  visit  and  indicated  that  the  new  system 
would  be  successful  from  an  educational  point  of  view. 

The  environs  of  Melbourne  include  many  municipalities  which 
are  commonly  counted  in  with  Melbourne  proper,  when  the  city 
is  compared  with  its  sister  cities.  Passing  outside  the  circle  of 
associated  communities,  the  botanist  comes  upon  very  instructive 
botanical  ground.  One  does  not  have  far  to  go  by  rail  to  stand 
before  the  giant  specimens  of  Eucalyptus,  and  by  boat  to  be  in 
the  presence  of  queer  Australian  plants,  like  Epacris  and  so  on, 
growing  wild. 

Sydney, — The  third  great  Australian  Garden  is  in  New  South 
Wales,  about  six  hundred  miles  from  Melbourne,  Victoria.  For 
beauty  of  situation  it  stands  without  a  rival.  It  has  a  com- 
manding position  on  the  shore  of  the  harbor,  and  possesses 
remarkable  elements  for  landscape  treatment. 

The  harbor  of  Sydney  (Port  Jackson)  is  one  of  the  most  cele- 
brated in  the  world,  usually  being  associated  with  that  of  Rio  de 
Janeiro,  as  the  finest  in  existence.  Like  outstretched  divergent 
fingers,  promontories  extend  into  this  charming  sheet  of  water.  On 
parts  of  the  slopes  of  two  of  these  the  Botanic  Gardens,  covering 
about  forty  acres,  have  been  established.  As  was  to  be  expected, 
the  representation  of  native  plants  is  somewhat  different  from 
that  in  the  other  gardens,  owing  to  difference  in  the  climate.  In 
certain  directions,  for  instance,  palms  from  the  smaller  islands  of 
the  Polynesian  archipelago,  the  garden  is  exceptionally  rich. 
The  specimens  are  numerous  and  well  grown.  A  good  deal  of 
attention  has  been  paid  also  to  economic  plants.  The  most  inter- 
esting photographs  which  I  could  secure  were  (1)  Individual 
plants ;  (2)  the  Palms  of  Lord  Howe's  Island,  etc. ;  (3j  the 
general  view  from  the  brow  of  the  hill.  To  Mr.  Charles  Moore, 
the  director,  I  am  indebted  for  many  views  of  the  garden,  taken 
some  time  since.     The  collection  of  all  these  now  at  Cambridge 

Am.  Joub.  Sol— Third  Sbbibs,  Vol.  XLII,  No.  249.— Sept.,  1891. 
18 


264  Scientijic  Intdligenoe. 

illuBtrates  fairly  well  the  wide  range  of  oaltivation  possible  id 
this  favored  climate. 

Botany  Bay  of  the  early  navigators  lies  within  easy  eicnrtion 
distance  of  the  city  of  Sydney.  There  and  in  the  contigoons 
peninsulas,  one  can  aee  growing  wild  the  native  plants  which 
gave  the  place  its  appropriate  name. 

In  point  of  fact,  the  garden  at,  Sydney  was  visited  considerahlv 
later  by  me  than  those  at  Adelaide  and  Melbourne,  a  journey 
through  Tasmania  and  New  Zealand  intervening.  Bat  it  hu 
seemed  best  to  bring  the  three  larger  gardens  together  Id  a  single 
sketch,  reserving  the  visit  to  the  economic  museum  in  Sydney 
for  a  third  communication. 

Before  leaving  the  subject  of  these  three  gardens,  it  may  not 
be  out  of  place  to  call  attention  again  to  the  deep  interest  and 
local  pride  felt  by  the  people  of  the  respective  cities  in  these 
establishments.  Every  intelligent  person  with  whom  I  converard 
upon  the  subject  appreciated  the  importance  of  sach  inBtitntioni 
in  a  country  with  undeveloped  resources.  It  was  also  felt  tbst, 
since  these  gardens,  and  the  smaller  ones,  for  that  matter,  keep  in 
touch  with  Kgw,  the  botanical  interests  of  the  colonies,  particu- 
larly in  their  economic  aspects,  were  receiving  due  attention. 

The  Botanic  gardens  of  the  south  do  not  appear  to  sustain  an; 
close  connection  with  the  Universities.  Tney  are,  of  course, 
available  for  pui-poses  of  investigation,  but  they  are  govemmeDti) 
and  not  academic  institutions. 

It  is  frequently  said  that  in  the  southern  hemisphere  everything 
is  reversed  from  what  is  found  in  the  northern.  This  is  certunly 
not  true  of  the  budgets  for  botanical  gardens.  These  institu- 
tions are  everywhere  very  popular,  hut  Idid  not  find  in  any  case 
that  too  much  money  was  provided  for  the  running  expenses. 
In  fact,  I  observed  no  instance  where  a  somewhat  larger  income 
would   not   ha 
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Art.  XXVI. — Notice  of  New    Vertehrate  Fossils^    by 

O.  C.  Marsh. 

Recent  researches  on  a  number  of  extinct  animals  have 
made  it  evident  that  several  of  them  are  new  to  science,  and 
that  others  possess  some  characters  of  interest  which  have  not 
hitherto  been  observed.  In  the  present  paper,  some  of  the 
results  of  this  investigation  are  placed  on  record,  and  others 
will  be  given  in  a  later  communication. 

CERATOPSID^. 

TViceratops  elahis^  sp.  no  v. 

One  of  the  largest  members  of  the  Ceratopsidm^  representing 
a  distinct  species,  is  at  present  known  from  the  skull  only, 
which  was  secured  during  the  past  year.  Although  this  skull 
is  about  six  feet  and  a  half  in  length,  it  belonged  to  an  animal 
scarcely  adult,  as  indicated  by  some  of  the  cranial  sutures. 
The  rostral  bone  is  not  coiissified  with  the  premaxillaries  as 
in  old  animals,  and  the  superior  branch  of  the  former  bone 
has  its  extremity  free.  The  nasal  horn-core,  however,  is 
firmly  coossified  with  the  nasals.  It  is  of  moderate  size,  with 
an  obtuse  summit  directed  upwards.  The  main  horn-cores  were 
quite  long,  with  their  extremities  pointed  and  directed  well 
forward.  These  horn-cores  are  compressed  transversely,  tlie 
section  being  oval  in  outline. 

One  of  the  most  striking  features  of  the  skull  is  the 
parietal  crest,  which  was  quite  elongate,  and  much  elevated, 
more  so  than  in  any  of  the  species  hitherto  discovered,  and  this 
has  suggested  the  specific  name. 

The  length  of  this  skull  from  the  front  of  the  rostral  bone 
to  the  back  of  the  parietal  crest  was  about  seventy-eight  inches, 
and  the  greatest  transverse  expanse  of  the  posterior  crest  was 
about  forty  inches.  The  summit  of  one  of  the  frontal  horn- 
cores  was  about  twenty-eight  inches  above  the  orbit,  and 
fifty-three  inches  from  the  base  of  the  quadrate. 

This  interesting  specimen  was  found  in  the  Ceratops  beds  of 
the  Laramie,  in  Wyoming,  by  Mr.  J.  B.  Hatcher  of  the  U.  S. 
Geological  Survey,  whose  previous  discoveries  are  well-known. 
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Another  well-inarked  KjMscics  of  tliia  f^roiip,  whicli  iiiav !« 
referred  to  a  new  gciiiiR,  is  represented  by  one  skull,  and  parts 
of  the  skeleton,  from  nearly  ttie  t^aiue  horizon  as  tliu  sj)ccinieii 
above  described.  One  of  ttie  most  striking  features  of  tlie 
present  species  is  seen  in  the  posterior  ei-est,  which,  instead 
of  being  complete  as  in  the  skulls  hitherto  found,  is  perforated 
by  a  pair  of  large  openings.  These  are  in  the  parietals,  but  they 
Iiave  the  inner  margin  of  eacli  squamosal  for  their  outer  border. 
They  are  well  behind  the  supra-teinporal  fossa',  but  douhtle^ 
were  originally  connected  with  them.  They  may  ho  called  (he 
supra-temporal  fontanelles.  The  squamosal  bonee,  moreover, 
arc  very  long  and  slender,  and  dietally  only  show  near  the  ends 
sutures  for  union  with  the  parietals.  Another  distinctive 
character  is  seen  in  the  main  horn-cores,  which  are  placed  well 
Ijaek  of  the  orbit.  The  naeal  hom-pore  i-iisliort,  with  the  apex 
conipresaed,  and  directed  forward. 

This  genus  is  of  much  interest,  as  it  represents  an  earlier  &od 
less  specialized  form  than  either  Ceratopx  or  7'rivera/oj?^,  twlb 
of  wliicli  have  the  poaterior  cre^t  complete.  The  exisdoe 
Chameleons  show  the  other  extreme,  wLei*  the  outline  onljM 
the  parietal  creet  haH  been  attained. 

Some  of  the  priocipal  dimensions  of  thla  skull  aj^  lui  follovs: 

Length  from  npcx  of  natal  hom-corc  to  extremity  of 

eqnamouki 60  iDchn 

Distauce^^^&me  apex  to  tfj  ^  Wt 21      " 

Distanoj^B^hnie  to  front  </*  Bpcning .M 
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The  following  are  some  dimensions  of  portions  of  this 
specimen : 

Length  of  horn-core  from  top  of  orbit  to  summit 21  inches. 

Antero-posterior  diameter  of  same  horn-core  at  base.     8       " 

Transverse  diameter  of  same 6       " 

Length  of  squamosal  behind  exoccipital  groove 55       " 

Greatest  width 15       " 

Width  at  middle 9       " 

These  interesting  specimens  were  also  found  in  the  Laramie 
of  Wyoming  by  Mr.  J .  B.  Hatcher. 

ANCHISAURID^. 

Ammosaums,  gen.  nov. 

The  Yale  Museum  has  recently  secured  two  interesting 
specimens  of  Dinosaurs  from  the  Triassic  sandstone  of  the 
Connecticut  valley.  In  comparing  these  with  the  known 
species  of  A?ie/ii8auru8  from  this  formation,  the  fact  became 
evident  tliat  among  them  are  two  well-marked  genera.  One 
of  the  specimens,  which  is  described  below,  cannot  now 
be  distinguished  generically  from  the  type  of  Anchisaurus^ 
while  the  one  described  by  the  writer  as  Attchisaurus  major 
is  quite  distinct,  and  hence  a  new  genus  is  here  established  for 
its  reception.  The  distinctive  characters  are  well  marked  in 
the  pelvic  arch. 

There  are  three  vertebrae  in  the  sacrum,  but  they  are  not 
coossified  with  each  other,  being  free,  as  in  the  CrocodUia. 
The  ilium  is  comparatively  small,  and  has  a  slender  pre-acetab- 
ular  process.  The  pubes  are  broad,  elongate  plates,  perforate 
above,  and  not  coossified  with  each  other.  In  form,  they 
resemble  the  corresponding  bones  in  Zanclodon^  where,  how- 
ever, the  two  are  coossified,  and  imperforate.  The  ischia  meet 
the  pubes  by  an  extensive  union.  Their  distal  ends  are 
slender,  directed  backward,  and  closely  adapted  to  each  other. 
This  species  may  now  be  known  as  Ammosaurns  major, 

Anchisaunis  colicrus,  sp.  nov. 

The  new  species  is  represented  by  perhaps  the  most  perfect 
Triassic  Dinosaur  yet  discovered,  as  the  skull  and  greater 
portion  of   the   skeleton  were   found   in   place,   and   in   fine 

E reservation.  It  is  smaller  than  the  specimen  above  described, 
ut  similar  in  its  general  proportions,  yet  the  two  mav  be 
readily  distinguished  by  the  pelvic  arch  and  posterior  limbs. 
The  pubes  are  distinct  from  each  other,  imperforate  above, 
and  the  distal  portions  are  only  moderately  expanded.  The 
process  that  projects  backward  to  meet  the  ischium  is  slender, 
and  the  face  for  union  with  that  bone  is  quite  small.  The  sacrum 
and  ischia  resemble  those  of  Ainm^saurus  above  described. 
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The  skull  U  of  moderate  size,  and  of  delicate  Btrnctare.  In 
its  general  ehape,  it  somewhat  resembles  the  skall  of  Haiteria. 
The  supra-temporal  fossie  are  very  large,  and  the  orbits 
especially  so.  The  quadrate  is  inclined  forward,  and  the 
npper  and  lower  temporal  arches  are  slender.  CompreeBed, 
catting  teeth  are  present  both  in  the  premaxillary  and  max- 
illary oones.  The  lower  jaws  have  similar  teeth,  and  the  rami 
are  not  united  to  each  other  at  the  symphysis  in  front. 

The  vertebrae  and  limb  bones  are  hollow,  and  the  whole 
skeleton  is  lightly  built.  The  neck  is  long,  and  the  tail  of 
moderate  length.  The  scapula  ia  elongate,  and  the  coracoid 
very  small  and  imperforate.  The  humerus  has  a  strong  radial 
crest,  and  the  radius  and  alna  are  nearly  equal  in  size.  There 
were  live  digits  in  the  manus,  the  first,  second,  and  third  being 
armed  with  strong  claws. 

The  femur  is  longer  than  the  tibia,  and  has  a  flattened  bead, 
somewhat  like  that  of  a  crocodile.  The  tibia  is  short  and 
stont,  and  the  fibula  well  developed.  The  astragalus  is  not 
coossitied  with  the  tibia,  and  the  calcaneum  is  distinct.  There 
were  tive  digits  in  the  pes,  but  only  four  functional,  the  fifth 
being  represented  by  the  metatarsal  alone. 

The  skull  of  this  reptile  is  about  five  and  one-half  inches 
long,  and  the  lower  jaw  four  and  one-half  inches.  The  scapula 
and  humerus  are  of  equal  length,  each  about  six  inches  long. 
The  femur  is  abont  eight  inches  in  length,  and  the  tibia  aboat 
six.  The  animal  when  alive  was  abont  five  and  one-half  feet 
long.     The  present  remains  were  found  near  Manchester,  Coon. 

A  more  complete  description  of  this  interesting  reptile,  with 
illustrations,  will  soon  be  published. 
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The  length  of  this  skull  on  the  median  line  is  about  thirty 
inches,  and  the  width  across  the  zygomatic  arches  twenty-three 
inches.  The  width  across  the  horn-cores  is  fourteen  inches. 
The  extent  of  the  superior  dental  series  is  sixteen  inches. 

The  type  of  this  species  was  found  in  the  Brontotherium 
beds  of  South  Dakota,  by  Mr.  J.  B.  Hatcher. 

Brontops  validus,  sp.  no  v. 

This  well-marked  species  is  based  upon  a  skull  in  fine 
preservation,  which  agrees  in  its  main  characters  with  the 
other  species  of  this  genus,  but  is  particularly  short  and 
robust  The  zygomatic  arches  are  widely  expanded,  almost 
as  much  as  in  any  skull  of  this  group.  The  nasal  bones  have 
only  a  moderate  extension  in  front,  and  do  not  reach  the  end 
of  the  premaxillaries.  The  free  portion  is  broad  and  massive. 
The  horn-cores  are  of  moderate  size,  nearly  round  in  section, 
and  have  their  obtuse  summits  directed  somewhat  backward. 
The  occipital  crest  slopes  forward,  and  is  expanded  transversely. 
The  length  of  this  skull  on  the  median  line  is  about  twenty-six 
inches.  The  greatest  transverse  diameter  across  the  zygomatic 
arches  is  twenty-two  inches,  and  across  the  summits  of  the 
horn-cores,  fourteen  inches. 

The  type  specimen  of  the  present  species  is  from  the 
Brontotherium  beds  of  South  Dakota,  wnere  it  was  secured 
by  Mr.  J.  B.  Hatcher. 

Titanops  tnedius^  sp.  nov. 

The  present  species  is  from  nearly  the  same  horizon  as  the 
type  of  the  genus,  but  is  of  smaller  size.  It  is  represented  by 
one  skull  in  fair  preservation,  with  the  horn-cores  and  dentition 
complete.  The  free  portion  of  the  nasals  is  very  small,  and 
projects  but  slightly  beyond  the  anterior  line  of  the  horn-cores. 
The  latter  are  compressed  antero-posteriorly,  and  project 
laterally  nearly  at  right  angles  to  the  median  line  of  the  skull. 
The  two  incisors  on  each  side  are  quite  small,  and  separated 
from  each  other  and  from  the  canine.  There  is  a  slight  diastema 
behind  the  canine.  The  first  premolar  is  small,  and  triangular 
in  outline.  The  second  premolar  is  of  moderate  size,  and  the' 
third  and  fourth  premolars  have  only  an  incomplete  inner 
basal  ridge. 

The  width  of  this  skull  across  the  horn-cores  is  twenty-three 
inches,  and  the  distance  from  the  end  of  the  nasals  to  the 
front  of  the  posterior  nares  is  sixteen  inches.  The  extent  of 
the  upper  dental  series  is  seventeen  inches.  This  specimen  is 
from  near  the  top  of  the  Brontotherium  beds  of  South  Dakota, 
where  it  was  discovered  by  Mr.  J.  B.  Hatcher. 

New  Haven,  Conn.,  Aagust  10th,  1891. 
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Art.  XXVII. — Sc/nie  of  the  Possibilities  of  Economic  Botany; 

by  George  Lincoln  Goodale. 

[Presidential  address  delivered  before  the  American  Association  for  the  Advance- 
ment of  Science,  at  Washington,  August,  1891.] 

Our  Association  demands  of  its  president,  on  his  retirement 
from  office,  some  account  of  matters  connected  with  the 
department  of  science  in  which  he  is  engaged. 

But  you  will  naturally  expect  that,  before  I  enter  upon  the 
discharge  of  this  duty,  I  should  present  a  report  respecting 
the  mission  with  which  you  entrusted  me  last  year.  You 
desired  me  to  attend  the  annual  meeting  of  the  Australasian 
Association  for  the  Advancement  of  Science,  and  express  your 
good  wishes  for  its  success  Compliance  with  your  request 
did  not  necessitate  any  material  change  in  plans  formed  long 
ago  to  visit  the  South  Seas ;  some  of  the  dates  and  the 
sequence  of  places  had  to  be  modified  ;  otherwise  the  early 
plans  were  fully  carried  out. 

I  can  assure  you  that  it  seemed  very  strange  to  reverse  the 
seasons,  and  find  mid-summer  in  January.  But  in  the  meeting 
with  our  brethren  of  the  southern  hemisphere,  nothing  else  was 
reversed.  The  official  welcome  to  your  representative  was  as 
cordial,  and  the  response  by  the  members  was  as  kindly  as  that 
which  the  people  in  the  northeni  hemisphere  would  give  to 
any  fellow-worker  coming  from  beyond  the  sea. 

The  meeting  to  which  I  was  commissioned  was  held  in 
January  last  in  the  Cathedral  city  of  Christchurch,  New  Zea- 
land, the  seat  of  Canterbury  College. 
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ConBidering  the  dbtance  between  the  other  colonies  and 
New  Zealand,  the  meeting  was  well  attended.  From  Hobart, 
Tasmania,  to  the  sonthem  harbor,  known  as  the  Blaff,  in  S'eic 
Zealand,  tlie  sea  voyage  is  only  a  little  short  of  one  thoa^aiid 
miles  of  rough  water.  From  Sydney  in  New  South  Wales  to 
Auckland,  New  Zealand,  it  ie  over  twelve  hundred  miles,  li 
therefore,  one  joumeya  from  Adelaide  in  South  Aofitraiia.  to 
Christehnreh,  New  Zealand,  where  the  meeting  was  held  he 
travels  by  land  and  hy  sea  over  two  tbonsand  miles.  From 
Brisbane  in  Queeimland,  it  ie  somewhat  farther.  Althon^ 
certain  concessions  are  made  to  the  members  of  the  Associa- 
tion, the  fares  by  rail  and  by  steamship  are  high,  so  tliit 
a  joDrney  from  any  one  of  the  seats  of  learning  in  Australia 
proper  to  New  Zealand  is  formidable  on  account  of  its  cost 
It  is  remarkable  that  so  lame  a  number  of  members  Ehonld 
have  met  together  ander  such  circnmstancea,  and  it  speaks  well 
for  the  great  strength  and  vigor  of  the  Association. 

The  Australasian  Association  is  modelled  rather  more  cIokIj 
after  the  British  Association  than  is  our  own.  The  president 
delivers  his  address  upon  his  inaug:nration.  There  are  nogen- 
eral  business  meetings,  but  all  the  details  are  attended  to  by 
an  executive  committee  answering  to  onr  conncil ;  none  escept 
the  members  and  associates  are  invited  to  attend  even  the 
sectional  meetings  and  there  are  some  other  differences  be- 
tween the  three  associations.  The  secretaries  stated  to  me 
their  conviction  that  their  organization  and  methods  are  better 
adapted  to  their  surroundings  than  onrs  would  be,  and  all  of 
their  ar^nuients  seamed  ct^Dt.  Although  the  Association  has 
been  in  existence  but  three  years,  it  has  accomplished  great 
good.  It  has  bn^ught  ti^ether  workers  in  different  fields  for 
f*>'*ift*renc*  Bn<l  mntnal  benefit;  it  hti?  diminifihed   misnnder- 
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>n  the  morning  of  the  session  to  which  I  refer,  we  received 
he  daily  papers,  a  cable  telegram  relative  to  the  Bering  Sea 
cutties  (which  were  then  in  an  acnte  stage).  In  your  stead, 
sntured  to  say,  "  In  these  days  of  disquieting  dispatches, 
m  there  are  ramors  of  trouble  between  Great  Britain  and 
United  States,  it  is  pleasant  to  think  that  ^  blood  is  thicker 
1  water.' "  This  utterance  was  taken  to  mean  that  we  are 
English-speaking  kinsmen,  and  even  before  I  had  finished, 
old  proverb  was  received  with  prolonged  applause. 
*he  next  meeting  of  the  Australasian  Association  is  to  be 
1  in  Hobart,  the  capital  of  Tasmania,  under  the  presidency 
;he  goveraor,  Sir  Robert  Hamilton.  The  energetic  secre- 
es  Professor  Liversidge,  Professor  Hutton  and  Mr.  Morton, 
aaise  a  cordial  welcome  to  any  of  our  members  visiting  the 
ociation.  Should  you  accept  the  invitation,  you  will  enjoy 
py  feature  of  the  remarkable  island,  Tasmania,  where  the 
>ting  is  to  be  held.  You  will  be  delighted  by  Tasmanian 
lery,  vegetation  and  climate,  but  that  which  will  give  you 
greatest  enjoyment  in  this  as  in  other  English  South  Sea 
^nies,  is  the  fact  that  you  are  among  English-speaking 
nds  half  way  around  the  world.  Yon  will  find  that  their 
dent  Association  is  devoted  to  the  advancement  of  science 
the  promotion  of  sound  learning.  In  short  you  will  be 
le  to  feel  at  home. 

'he  subject  which  I  have  selected  for  the  valedictory 
ress  deals  with  certain  industrial,  commercial  and  economic 
Btions:  nevertheless  it  lies  wholly  within  the  domain  of 
4ny.  I  invite  you  to  examine  with  me  some  of  the  possi- 
fcies  of  economic  botany. 

)f  course,  when  treating  a  topic  which  is  so  largely  specu- 
ve  as  this,  it  is  difficult  and  unwise  to  draw  a  hard  and  fast 
I  between  possibilities  and  probabilities.  Nowadays,  possi- 
ties  are  so  often  realized  rapidly  that  they  become  accom- 
hed  facts  before  we  are  aware. 

n  asking  what  are  the  possibilities  that  other  plants  than 
96  we  now  use  may  be  utilized  we  enter  upon  a  many-sided 
uiry.*  *     Speculation  is  rife  as  to  the  coming  man.    May  we 
asK  what  plants  the  coming  man  will  use  ? 

?here  is  an  enormous  disproportion  between  the  total  num- 
of  species  of  plants  known  to  botanical  science  and  the 
nber  of  those  which  are  employed  by  man. 
?he  species  of  flowering  plants  alreaay  described  and  named 
about  one  hundred  and  seven  thousand.  Acquisitions  from 
txplored  or  imperfectly  explored  regions  may  increase  the 

For  refereooes,  notes,  etc.,  see  p.  300. 
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aggregate  perhaps  one-tentli,  so  that  we  are  within  very  laie 
limits  in  taKiiig  the  number  of  existing  species  to  be  somewhst 
above  one  hundred  and  ten  thoneand.' 

Now  if  we  should  make  a  comprehensive  list  of  all  the 
flowenng  plants  which  are  cultivated  on  what  we  may  cal!» 
fairly  large  scale  at  the  present  day,  placing  therein  afl  food' 
and  forage  plants,  all  those  which  are  grown  for  timber  and 
cabinet  woods,  for  iibres  and  cordage,  for  tanning  raateriak, 
dyes,  resins,  rubber,  gums,  oils,  i>erfumes  and  medicines,  we 
could  bring  together  barely  three  hundred  species.  If  we 
should  add  to  this  short  catalogue  all  the  species,  which  with- 
out cultivation,  can  be  used  by  man,  we  should  find  it  coDeid- 
erably  lengthened.  A  great  many  products  of  the  classes  Just 
referred  to  are  derived  in  commerce  from  wild  plants,  bnt 
exactly  how  much  their  addition  would  extend  the  list,  it  is 
impossible  in  the  present  state  of  knowledge  to  determine. 
Every  enumeration  of  this  character  is  likely  to  contain  errors 
from  two  sources :  lirst,  it  would  be  sure  to  contain  some 
Bi>ecies  which  have  outlived  their  real  usefulness,  and,  secondly, 
owing  to  the  chaotic  condition  of  the  literature  of  the  subject, 
omissions  would  occur. 

But  after  all  proper  exclusions  and  additions  have  been 
made,  the  total  number  of  species  of  flowering  plants  utilized 
to  any  considerable  extent  by  man  in  his  civilized  state  does 
not  exceed,  in  fact  it  does  not  quite  reach,  one  per  cent. 

The  disproportion  between  tlie  plants  which  are  known  and 
those  which  are  used  becomes  much  greater  when  we  tate 
into  account  the  sjieciea  of  llowerleas  plants  also.  Of  the  live 
hundred  ferns  and  their  allies  we  employ  for  other  than 
dociinilivo  luirp'wes    oiilv  five;    the  mosses  and  liv<*rworti. 
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Elants  were  examined  for  new  uses  ;  primitive  agriculture  and 
orticulture  extended  their  bounds  in  answer  to  this  inquiry. 
Age  after  age  has  added  slowly  and  cautiously  to  the  list  of 
cmtivable  and  utilizable  plants,  but  the  aggregate  additions 
have  been  as  we  have  seen,  comparatively  slight. 

The  question  has  thus  no  charm  of  novelty,  but  it  is  as  prac- 
tical to-day  as  in  early  ages  In  fact,  at  the  present  time,  in 
view  of  all  the  appliances  at  the  command  of  modern  science 
and  under  the  strong  light  cast  by  recent  biological  and  tech- 
nological research,  the  inquiry  which  we  propose  assumes  great 
importance.  One  phase  of  it  is  being  attentively  and  syste- 
matically regarded  in  the  great  Experiment  Stations,  another 
fhase  is  being  studied  in  the  laboratories  of  Chemistry  and 
^harmacy,  while  still  another  presents  itself  in  the  museums 
of  Economic  Botany. 

Our  question  may  be  put  in  other  words,  which  are  even 
more  practical.  What  present  likelihood  is  there  that  our 
tables  may,  one  of  these  days,  have  other  vegetables,  fruits  and 
cereals,  than  those  which  we  use  now  ?  What  chance  is  there 
that  new  fibers  may  supplement  or  even  replace  those  which 
we  spin  and  weave,  that  woven  fabrics  may  take  on  new  veg- 
etable colors,  that  flowers  and  leaves  may  yield  new  perfumes 
and  flavors?  What  probability  is  there  that  new  remedial 
agents  may  be  found  among  plants  neglected  or  now  wholly 
unknown  if  The  answer  wliicn  I  shall  attempt  is  not  in  the 
nature  of  a  prophecy ;  it  can  claim  no  rank  higher  than  that 
of  a  reasonable  conjecture. 

At  the  outset  it  must  be  said  that  synthetic  chemistry  has 
made  and  is  making  some  exceedingly  short  cuts  across  this 
field  of  research,  giving  us  artificial  dyes,  odors,  flavors,  and 
medicinal  substances,  of  such  excellence  that  it  sometimes 
seems  as  if  before  long  the  old-fashioned  chemical  processes  in 
the  plant  itself  would  play  only  a  subordinate  part.  But  although 
there  is  no  telling  where  tlie  triumphs  of  chemical  synthesis  will 
end,  it  is  not  probable  that  it  will  ever  interfere  essentially 
with  certain  classes  of  economic  plants.  It  is  impossible  to 
conceive  of  a  synthetic  fiber  or  a  synthetic  fruit.  Chemistry 
gives  us  fruit-ethers  and  fruit-acids,  and  after  a  while  may  pro- 
vide us  with  a  true  artificial  sugar  and  amorphous  starch  ;  but 
artificial  fruits  worth  the  eating  or  artificial  fibers  worth  the 
spinning  are  not  coming  in  our  day. 

Despite  the  extraordinary  achievements  of  synthetic  chemis- 
try, the  world  must  be  content  to  accept  for  a  long  time  to 
come,  the  results  of  the  intelligent  labor  of  the  cultivator  of 
the  soil  and  the  explorer  of  the  forest.  Improvement  of  the 
good  plants  we  now  utilize,  and  the  discovery  of  new  ones 
must  remain  the  care  of  large  numbers  of  diligent  students 
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and  assidnons  worknaen.  So  that,  in  fact,  oar  question  reBolvet 
itself  into  this:  can  these  practical  investigatore  hoj>G  to  make 
any  enbetantial  advance? 

It  will  be  well  to  glance  tiret  at  the  manner  in  which  onr 
wild  and  cultivated  plants  have  been  singled  ont  for  nee.  We 
shall,  in  the  case  of  each  class,  allude  to  the  methode  by  whicb 
the  selected  plants  have  been  improved,  or  their  prodncte 
fnllv  atilized.  Thus  looking  the  gronnd  over,  although  DOI 
luinutelv.  we  can  see  what  new  plants  are  likely  fo  be  addel 
to  onr  list.  Oar  illastrationB  can,  at  the  best,  be  only  fragmen- 
tarv. 

We  shall  not  have  time  to  treat  the  different  divisions  of 
the  subject  in  precisely  the  proportions  which  would  be  de- 
manded by  an  exhaustive  essay ;  an  address  on  an  occasion  like 
this  mnst  pas*,  lightly  over  some  matters  wbicli  other  oppor- 
tunities for  discussion  could  properly  examine  with  great  fal- 
net».  I'nfortunately,  some  of  the  mmor  topics  which  must  be 
thus  passed  by,  possess  considerable  popular  interest;  one  of 
these  IS  the  tirst  subordinate  question  introductory  to  our  task. 
namely,  how  were  onr  usefnl  caltivated  and  wild  plants  se- 
lei'tt^l  for  use  ? 

A  study  of  the  early  historj-  of  plants  employed  for  cere- 
m\>niat  pur{M.ise«.  in  reli^ous  solemnities,  in  incantations,  aod 
i\ft  iiuxlicinal  uses,  shows  how  slender  has  sometimes  been  tbe 
elttini  of  ^vrtain  plants  to  the  possession  of  any  real  utility. 
Hut  siHue  v>f  the  plants  whicb  have  been  brought  to  notice  in 
th***  ways  liave  afterwards  been  found  to  be  ntilizable  in  some 
^iihi^m  ^4'  (tther.  This  is  often  seen  in  the  cases  of  the  platit? 
whu'h  have  been  sa^ijiested  for  medicinal  use  through  the  alisnrd 
divtrtue  of  sii^natutw.' 

It  ^yiii-  .  ■■  t"  •!  '^  ■■M.-ii'pl  in  modem  times,  nscfnl  plan 
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only  six  of  them  are  likely  to  be  very  familiar  to  you,  namely, 
wheat,  rice,  barley,  oats,  rye  and  maize.  The  last  of  these  is  of 
American  origin,  despite  doubts  which  have  been  cast  upon  it. 
It  was  not  known  in  the  Old  World  until  after  the  discovery 
of  the  New.  It  has  probably  been  very  lone  in  cultivation. 
The  others  all  belong  to  the  Old  World.  Wneat  and  barley 
have  been  cultivated  from  the  earliest  times;  according  to 
De  Candolle,  the  chief  authority  in  these  matters,  about  four 
thousand  years.  Later  came  rye  and  oats,  both  of  which  have 
been  known  in  cultivation  for  at  least  two  thousand  years. 
Even  the  shorter  of  these  periods  gives  time  enough  for  wide 
variation,  and  as  is  to  be  expected  tnere  are  numerous  varieties 
of  them  all.  For  instance,  Vilmorin,  in  1880,  figured  sixty-six 
varieties  of  wheat  with  plainly  distinguishable  cnaracters.* 

If  the  Chinese  records  are  to  be  trusted,  rice  has  been  culti- 
vated for  a  period  much  longer  than  that  assigned  by  our 
history  and  traditions  to  the  other  cereals,  and  the  varieties  are 
correspondingly  numeroua  It  is  said  that  in  Japan  above 
three  hundred  varieties  are  grown  on  irrigated  lands,  and  more 
than  one  hundred  on  uplands.* 

With  the  possible  exception  of  rice,  not  one  of  the  species 
of  cereals  is  certainly  known  in  the  wild  state.''  Now  and  then 
specimens  have  been  gathered  in  the  East  which  can  be  re- 
ferred to  the  probable  types  from  which  our  varieties  have 
sprung,  but  doubt  has  been  thrown  upon  everyone  of  these 
cases.  It  has  been  shown  conclusively  that  it  is  easy  for  a 
plant  to  escape  from  cultivation  and  persist  in  its  new  home 
even  for  a  long  time  in  a  near  approximation  to  cultivated 
form.  Hence,  we  are  forced  to  receive  all  statements  regarding 
the  wild  forms  with  caution.  But  it  may  be  safely  said  that  if 
all  the  varieties  of  cereals  which  we  now  cultivate  were  to  be 
swept  out  of  existence,  we  could  hardly  know  where  to  turn 
for  wild  species  with  which  to  begin  again.  We  could  not 
know  with  certainty. 

To  bring  this  fact  a  little  more  vividly  to  our  minds,  let  us 
suppose  a  case.  Let  us  imagine  that  a  blight  without  parallel 
has  brought  to  extinction  all  the  forms  of  wheat,  rice,  rye, 
oats,  barley  and  maize,  now  in  cultivation,  but  without  affect- 
ing the  other  grasses  or  any  other  form  of  vegetable  food. 
Mankind  would  be  obliged  to  subsist  upon  the  other  kindly 
fruits  of  the  earth ;  upon  root-crops,  tubers,  leguminous  seeds, 
and  so  on.  Some  of  tne  substitutions  might  be  amusing  in  any 
other  time  than  that  of  a  threatened  famine.  Others  would  be 
far  from  appetizing  under  any  condition,  and  only  a  few  would 
be  wholly  satisfying  even  to  the  most  pronounced  vegetarian. 
In  short,  it  would  seem,  from  the  first,  that  the  cereals  fill  a  place 
occupied  by  no  other  plants.     The  composition  of  the  grains 
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is  theoretically  and  practically  almost  perfect  ae  regards  food 
ratio  between  the  nitrogenoue  matters  and  the  starch  gronp; 
and  the  food  value,  as  it  is  termed,  is  high.  Bat  aside  from 
these  considerations,  it  would  be  seen  that  for  safety  of  preser- 
vation through  considerable  periods,  and  for  convenience  of 
transportation,  the  cereals  take  highest  rank.  Pressnre  would 
come  from  every  side  to  compel  us  to  find  equivalents  for  the 
lost  grains.  From  this  predicament  I  believe  that  the  well- 
equipped  Experiment  Stations  and  the  Agricaltnral  Depart- 
ments in  Europe  and  America  would  by  and  by  extricate  ns. 
Continuing  this  hypothetical  case,  let  us  next  inquire  how  the 
Stations  would  probably  go  to  work  in  the  up-hill  task  of 
making  partially  good  a  well-nigh  irreparable  loss. 

The  whole  group  of  relatives  of  the  lost  cereals  would  be 
passed  in  strict  review.  Size  of  grain,  strength  and  vigor  and 
plasticity  of  stock,  adaptability  to  different  surroundings,  and 
flexibility  in  variation  would  be  examined  with  scrupulous  care. 

But  the  range  of  experiment  would,  under  the  circum- 
stances, extend  fur  bejiwid  the  relatives  of  our  present  cereals. 
It  wonld  embrace  an  examination  of  the  other  grasses  which 
are  even  now  cultivated  for  their  grains,  but  which  are  so  little 
known  outside  of  their  own  limit,  that  it  is  a  surprise  to  hear 
about  them.  For  example,  the  Millets,  gi'cat  and  small,  would 
be  investigated.  These  grains,  so  little  known  here,  form  an 
important  crop  in  certain  parts  of  the  east.  One  of  the  leading 
authorities  on  the  subject'  states  that  the  MilletB  constitnte  "i 
more  important  crop  in  India  "  than  either  Rice  or  Wheat,  and 
are  grown  more  extensively,  being  raised  from  Madras  in  the 
south  to  llajputana  in  tlit-  iiurtli,  TiiLV  <";ciipv  almiit  (.'i:.'!!!}- 
three  per  cent  of  the  tiKid-ijraiii  iiri'ii  in    Ijoiubav   and  Situ" 
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impofisible  for  us  to  ignore  the  fact  that  there  appear  to  be 
occasions  in  the  life  of  a  species  when  it  seems  to  be  peculiarly 
susceptible  to  the  influences  of  its  surroundings.'**  A  species, 
like  a  carefully  laden  ship,  represents  a  balancing  of  forces 
within  and  without.  Disturbance  may  come  through  variation 
from  within,  as  from  a  shifting  of  the  cargo,  or,  in  some  cases 
from  without.  We  may  suppose  both  forces  to  be  active  in 
producing  variation,  a  change  in  the  internal  condition  render- 
ing the  plant  more  susceptible  to  any  change  in  its  surround- 
ings. Under  the  influence  of  any  marked  disturbance,  a  state 
of  unstable  equilibrium  may  be  brought  about,  at  which  times 
the  species  as  such  is  easily  acted  upon  by  very  slight  agencies. 

One  of  the  most  marked  of  these  derangements  is  a  conse- 
quent of  cross-breeding  within  the  extreme  limits  of  varieties. 
The  resultant  forms  in  such  cases  can  persist  only  by  close 
breeding  or  by  propagation  from  buds  or  the  equivalents  of 
buds.  Disturbances  like  these  arise  unexpectedly  in  the  ordi- 
nary course  of  nature,  giving  us  sports  of  various  kinds. 
These  critical  periods  however,  are  not  unwelcome,  since  skill- 
ful cultivators  can  take  advantage  of  them.  In  this  very  field 
much  has  been  accomplished.  An  attentive  study  of  the 
sagacious  work  done  by  Thomas  Andrew  Knight  shows  to 
what  extent  this  can  be  done."  But  we  must  confess  that  it 
would  be  absolutely  impossible  to  predict  with  certainty  how 
long  or  how  short  would  be  the  time  before  new  cereals  or 
acceptable  equivalents  for  them  would  be  provided.  Upheld 
by  tne  confidence  which  I  have  in  the  intelligence,  ingenuity, 
and  energy  of  our  Experiment  Stations,  I  may  say  that  the 
time  would  not  probably  exceed  that  of  two  generations  of  our 
race,  or  half  a  century. 

In  now  laying  aside  our  hypothetical  illustration,  I  venture 
to  ask  why  it  is  that  our  Experiment  Stations  and  other  insti- 
tutions dealing  with  plants  and  their  improvement,  do  not 
undertake  investigations  like  those  which  I  have  sketched? 
Why  are  not  some  of  the  grasses  other  than  our  present 
cereals  studied  with  reference  to  their  adoption  as  food  grains  ? 
One  of  these  species  will  naturally  suggest  itself  to  you  all, 
namely,  the  Wild  Rice  of  the  Lakes."'  Observations  have 
shown  that,  were  it  not  for  the  difficulty  of  harvesting  these 
grains  which  fall  too  easily  when  they  are  ripe,  they  might  be 
utilized.  But  attentive  search  might  find  or  educe  some 
variety  of  Zizania^  with  a  more  persistent  grain  and  a  better 
yield.  There  are  two  of  our  sea-shore  grasses  which  have 
excellent  grains,  but  are  of  small  yield.  Why  are  not  these, 
or  better  ones  which  might  be  suggested  by  observation,  taken 
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The  reason  U  plain.  We  are  all  content  to  move  alone  in 
linee  of  least  resistance,  and  are  diBindined  to  make  a  nceh 
start.  It  ie  merely  leaving  well  enoagh  alone,  and  so  far  u 
the  cereals  are  concerned  it  Ib  indeed  well  enongh.  The 
generoDS  graina  of  modern  varieties  of  wheat  and  barlev  com- 
pared with  the  well'preBerved  charred  vestiges  found  in  Greece 
hy  Schliemann,"  and  in  the  lake-dwellings,"  are  satisfactory  io 
every  respect.  Improvemente,  however,  are  making  in  miny 
directions;  and  in  the  cereals  we  now  have,  we  poeeess  fit 
better  and  more  satisfactory  inateriaf  for  further  improvement 
both  in  quality  and  as  regards  range  of  distribntion  than  we 
could  reasonabiv  hope  to  have  from  other  grasses. 

From  the  cereals  we  may  turn  to  the  interesting  groope  of 
plants  comprised  under  the  general  term 

II.  Vkgktabi-kb. 

Under  this  term  it  will  be  convenient  for  ns  to  include  all 
plants  which  are  employed  for  culinary  porposes,  or  for  table 
use  such  as  salads  ana  relishes 

The  potato  and  sweet  potato,  the  pumpkin  and  sqaasb,  the 
red  or  capsicum  peppers,  and  the  tomato,  are  of  American 
origin. 

All  the  others  are,  most  probably,  nativee  of  the  Old  World 
Only  one  plant  coming  in  this  class  has  been  derived  froin 
Southern  Australasia,  namely,  New  Zealand  Spinach,  {Tetra- 
gonia. 

Among  the  vegetables  and  salad-plants  longest  in  cultivation 
we  may  enumerate  the  following — tnrnij).  onion,  cabbage, 
Duralane.  the  large  bean  (Faba\ 
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Sciently  well  distinguished  to  admit  of  description  and  in  most 
instances  of  delineation,  without  any  danger  of  confusion. 
The  potato  has,  he  says,  innumerable  varieties,  of  which  he 
icoepts  forty  as  easily  distinguishable  and  worthy  of  a  place  in 
tt  general  list,  but  he  adds  also  a  list,  comprising,  of  course, 

Znonyms,  of  thirty-two  French,  twenty-six  English,  nineteen 
merican  and  eighteen  German  varieties.  The  following 
numbers  speak  for  themselves,  all  being  selected  in  the  same 
careful  manner  as  those  of  the  potato :  celery  more  than 
twenty ;  carrot  more  than  thirty ;  beet,  radish  and  potato  more 
than  forty ;  lettuce  and  onion  more  than  fifty ;  turnip  more 
than  seventy ;  cabbage,  kidney  bean  and  garden  pea  more  than 
one  hundred. 

The  amount  of  horticultural  work  which  these  numbers 
represent  is  enormous.  Each  variety  established  as  a  race 
[that  is  a  variety  which  comes  true  to  seed)  has  been  evolved 
by  the  same  sort  of  patient  care  and  waiting  which  we  have 
3een  is  necessary  in  the  case  of  cereals  but  the  time  of  wait- 
ing has  not  been  as  a  general  thing  so  long. 

You  will  permit  me  to  quote  from  Vilmorin"  also  an  account 
of  a  common  plant,  which  will  show  how  wide  is  the  ran^  of 
(rariation  and  now  obscure  are  the  indications  in  the  wild  plant 
of  its  available  possibilities.  The  example  shows  how  com- 
pletely hidden  are  the  potential  variations  useful  to  mankind. 

*^  Cabbage,  a  plaut  which  is  indigenous  in  Europe  and  Western 
Asia,  is  one  of  the  vegetables  which  has  been  cultivated  from  the 
earliest  time.  The  ancients  were  well  acquainted  with  it,  and 
(Certainly  possessed  several  varieties  of  the  head-forming  kinds. 
The  great  antiquity  of  its  culture  may  be  inferred  from  the  im- 
DDense  number  of  varieties  which  are  now  in  existence,  and  from 
the  very  important  modifications  which  have  been  produced  in 
the  characteristics  in  the  original  or  parent  plant. 

The  wild  Cabbage,  such  as  it  now  exists  on  the  coasts  of 
England  and  France,  is  a  perennial  plant  with  broad-lobed,  undu- 
lated, thick,  smooth  leaves,  covered  with  a  glaucous  bloom.  The 
»tem  attains  a  height  of  from  nearly  two  and  a  half  to  over  three 
feet,  and  bears  at  the  top  a  spike  of  yellow  or  sometimes  white 
flowers.  All  the  cultivated  varieties  present  the  same  peculiarities 
in  their  inflorescence,  but  up  to  the  time  of  flowering  they  exhibit 
most  marked  differences  from  each  other  and  from  the  original 
wild  plant.  In  most  of  the  Cabbages,  it  is  chiefly  the  leaves  that 
are  developed  by  cultivation ;  these  for  the  most  part  become 
imbricated  or  overlap  one  another  closely,  so  as  to  form  a  more 
or  less  compact  head,  the  heart  or  interior  of  which  is  composed 
9f  the  central  undeveloped  shoot  and  the  younger  leaves  next  it. 
Fhe  shape  of  the  head  is  spherical,  sometimes  flattened,  sometimes 
X>nica1.  All  the  varieties  which  form  heads  in  this  way  are 
known  by  the  general  name  of  Cabbages,  while  other  kinds  with 
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large  branching  leavea  which  never  form  heada  are  distingiiiglid 
by  the  name  of  Borecole  or  Rale. 

In  some  kinds,  ihe  tiower-Btems  have  been  so  moditied  by  cnl- 
ture  as  to  become  transformed  into  a  thick,  fleHhy  tender  miss, 
the  growth  and  enlargement  of  which  are  produced  at  the  expeoK 
of  the  flowers  which  are  absorbed  and  rendered  abortive.  Such 
are  the  Broccolis  and  Cauliflowei-s." 

But  this  plant  has  other  transformations. 

"In  other  kinds,  the  leaves  retain  their  ordinary  dimensioiu, 
while  the  stem  or  principal  root  has  been  brongbt  by  cultivation 
to  assume  the  shape  of  a  large  ball  or  turnip,  as  in  the  case  o[  the 
plants  known  as  Kohl-Rahi  and  Turnip-rooted  Cabbage  or  Swedish 
Turnip.  And  lastly,  there  are  varieties  in  which  cultivation  and 
selection  have  produced  modifications  in  the  ribs  of  the  leaves,  u 
ID  the  Couvc  Tronchnda,  or  in  the  axillary  shoots  (as  in  Bmssel) 
sprouts),  or  in  several  organs  together,  as  in  the  Marrow  Kales, 
and  the  Neapolitan  Curled  Kale." 

Here  are  important  morphological  changes  like  those  to 
which  Professor  Bailey  has  called  attention  is  the  case  of  the 
tomato. 

8uppo^  we  are  strolling  »long  the  beach  at  some  of  the  sea- 
side resorts  of  France,  and  should  fall  in  with  this  coarse  crn- 
ciferouB  plant,  with  its  sprawling  leaves  and  strong  odor. 
Would  there  be  anything  in  its  appearance  to  lead  nfi  to  search 
for  its  hidden  merit  as  a  food  plant?  What  conld  we  see  in  it 
which  would  give  it  a  preference  over  a  score  of  other  plants 
at  our  feet?  Again,  suppose  we  are  journeying  in  the  high 
■  if  IVni,  iiiiil  sliLHi!<]  iiiL'ot  vvitli  a  stronfj-siuelling  plant  of 
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for  preserves  and  pickles ;  shonld  we  not  look  upon  our  experi- 
ment in  the  introauction  of  this  new  plant  as- a  failure?  This 
is  not  a  hypothetical  case. 

The  Tomato,"  the  plant  in  question,  was  cultivated  in  Europe 
as  lonfij  ago  as  1554;  it  was  known  in  Virginia  in  1781  and  in 
the  Nortnern  States  in  1785 ;  but  it  found  its  way  into  favor 
slowly,  even  in  this  land  of  its  origin.  A  credible  witness 
states  that  in  Salem  it  was  almost  impossible  to  induce  people 
to  eat  or  even  taste  of  the  fruit  And  yet,  as  you  are  well  aware, 
its  pi*esent  cultivation  on  an  enormous  scale  in  Europe  and  this 
cciuntry  is  scarcely  sufficient  to  meet  the  increasing  demand. 

A  plant  which  belongs  to  the  family  of  the  tomato  has  been 
known  to  the  public  under  the  name  of  the  strawberry  tomato. 
The  juicy  yellow  or  orange-colored  fruit  is  enclosed  in  a  papery 
calyx  of  large  size.  The  descriptions  which  were  published 
when  the  plant  was  placed  on  the  market  were  attractive,  and 
were  not  exaggerated  to  a  misleading  extent.  But,  as  you  all 
know,  the  plant  never  gained  any  popularity.  If  we  look  at 
these  two  cases  carefully  we  shall  see  that  what  appears  to  be 
caprice  on  the  part  of  the  public  is  at  bottom  common  sense. 
The  cases  illustrate  as  well  as  any  which  are  at  command,  the 
difficulties  which  surround  the  whole  subject  of  the  introduc- 
tion of  new  foods. 

Before  asking  specifically  in  what  direction  we  shall  look  for 
new  vegetables  I  must  be  pardoned  for  calling  attention,  in 
passing,  to  a  very  few  of  the  many  which  are  already  in  limited 
use  in  Europe  and  this  country,  but  which  merit  a  wider  em- 
ployment. Cardon,  or  Cardoon ;  Celeriac,  or  turnip-rooted 
celery;  Fetticus,  or  corn-salad;  Martynia;  Salsify;  Sea-kale; 
and  numerous  small  salads,  are  examples  of  neglected  treasures 
of  the  vegetable  garden. 

The  following  which  are  even  less  known  may  be  mentioned 
as  fairly  promising." 

(1)  Arracacia  esculenta^  called  Arracacha,  belonging  to  the 
Parsley  family.  It  is  extensively  cultivated  in  some  of  the 
northern  States  of  South  America.  The  stems  are  swollen 
near  the  base,  and  produce  tuberous  enlargements  filled  with 
an  excellent  starch.  Although  the  plant  is  of  comparatively 
easy  cultivation,  efforts  to  introduce  it  into  Europe  have  not 
been  successful,  but  it  is  said  to  have  found  favor  in  both  the 
Indies,  and  may  prove  useful  in  our  Southern  States. 

(2J  €Uucus  or  OUucus,  another  tuberous-rooted  plant  from 
nearly  the  same  region,  but  belonging  to  the  Beet  or  Spinach 
family.  It  has  produced  tubers  of  good  size  in  England,  but 
they  are  too  waxy  in  consistence  to  dispute  the  place  of  the 
better  tubers  of  the  potato.  The  plant  is  worth  investigating 
for  our  hot  dry  lands. 
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without  anything  else  wonld  suffice  for  a  tolerable  meal.  In 
the  boxes  which  nave  fallen  under  my  observation  there  were 
sundry  boiled  roots,  shoots  and  seeds  which  were  not  recog- 
nizable by  me  in  their  cooked  form.  Professor  Georgeson, 
formerly  of  Japan,  has  kindly  identified  some  of  these  for  me, 
but  he  says  *^  there  are  doubtless  many  others  used  occasionally." 

One  may  find  sliced  Lotus  roots,  roots  of  large  Burdock, 
Lily  bulbs,  shoots  of  Ginger,  pickled  green  Plums,  beans  of 
many  sorts,  boiled  Chestnuts,  nuts  of  the  Gingko  tree,  pickled 
greens  of  various  kinds,  dried  cucumbers,  and  several  kmds  of 
seaweeds  Some  of  the  leaves  and  roots  are  cooked  in  much 
the  same  manner  as  beet-roots  and  beet  leaves  are  by  us,  and 
the  general  effect  is  not  unappetizing.  The  boiled  shoots  are 
suggestive  of  only  the  tougher  ends  of  asparagus.  On  the 
whole,  I  do  not  look  back  on  Japanese  railway  luncheons  with 
any  longing  which  would  compel  me  to  advocate  the  indis- 
criminate introduction  of  the  constituent  vegetables  here. 

But  when  the  same  vegetables  are  served  in  native  inns, 
under  more  favorable  culinary  conditions,  without  the  flavor 
of  vinegar  and  of  the  pine  wood  of  the  luncheon  boxes,  they 
appear  to  be  worthy  of  a  trial  in  our  horticulture,  and  I  there- 
fore deal  with  one  or  two  in  greater  detail. 

Professor  Georgeson,  whose  advantages  for  acquiring  a 
knowledge  of  the  useful  plants  of  Japan  have  been  unusually 
good,  has  placed  me  under  great  obligations  by  communicating 
certain  facts  regarding  some  of  the  more  promising  plants  of 
Japan  which  are  not  now  used  here.  It  should  be  said  that 
several  of  these  plants  have  already  attracted  the  notice  of  the 
Agricultural  Department  in  this  country. 

The  Soy  Bean  {Glycine  hispidd).  This*  species  is  known 
here  to  some  extent,  but  we  do  not  have  the  early  and  best 
varieties.  These  beans  replace  meat  in  the  diet  of  the  common 
people. 

Mncuna  {Mmmna  capitata)  and  Dolichos  {Dolichos  cvltra- 
tvsSjive  pole  beans  possessing  merit. 

bioacorea ;  there  are  several  varieties  with  palatable  roots. 
Years  ago  one  of  these  was  spoken  of  by  the  late  Dr.  Gray,  as 
possessing  "excellent  roots,  if  one  could  only  dig  them." 

Colocasia  antiquorum  has  tuberous  roots,  which  are  nutri- 
tious. 

Conophallits  Konjak  has  a  large  bulbous  root,  which  is 
sliced,  dried  and  beaten,  to  a  powder.  It  is  an  ingredient  in 
cakes. 

Aralia  cordata  is  cultivated  for  the  shoots,  and  used  as  we 
use  Asparagus. 

(EnatUAe  gtolonifera  and  Cryptotamia  Canadensis  are  pala- 
taiAe  salad  plants,  the  former  being  used  also  as  greens. 
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There  is  little  hope,  if  any,  that  we  Bhall  obtaiD  from  the 
hotter  climates  for  oursoathem  territory  new  species,  of  merit 
The  native  markets  id  the  tropical  cities,  like  Colombo,  Batavii, 
Siagaporeand  Saigon,  are  rich  in  f  mite,  but  onteide  of  the  native 
plants  bearing  these,  nearly  all  the  plants  appear  to  be  whollj 
in  established  lines  of  cultivation,  such,  for  instance,  as  niembeis 
of  the  Gourd  and  Night-shade  families. 

Before  we  leave  the  subject  of  our  coming  v^etables,  it  will 
be  well  to  note  a  naive-caution  enjoined  by  vilmorin  in  tii« 
work,  Les  Plantes  Potag^res." 

"  Finally,"  he  says,  "  we  conclude  the  article  devoted  to  each 
plant  with  a  few  remarks  on  the  uses  to  which  it  may  be  sp 

flied  and  on  the  parts  of  the  plants  which  are  to  be  so  ased. 
n  many  cases  such  remarks  may  be  looked  upon  as  idle  words, 
and  yet  it  would  sometimes  have  been  useful  to  have  them 
when  new  plants  were  cultivated  by  us  for  the  first  time.  For 
instance,  the  giant  edible  Burdock  of  Japan  {Lappa  edvlii) 
was  for  a  long  time  served  up  on  our  tables  only  as  a  wretchedly 
poor  Spiuach,  because  people  would  cook  the  leaves,  whereas, 
m  its  native  country,  it  is  only  cultivated  for  its  tender  fleshy 
roots," 

I  trust  you  are  not  discouraged  at  this  outlook  for  our  coming 
vegetables. 

Two  groups  of  improvable  food-plants  may  be  referred  to 
before  we  pass  to  the  next  class,  namely,  edible  funei  and  the 
beverage  plants.  Alt  botanists  who  have  given  attention  to  the 
matter  agree  with  the  late  Dr.  Curtis  of  North  Carolina  that 
we  have  m  the  unutilized  mushrooms  an  immense  amount  of 
available  nutriment  of  a  delicious  quality.  It  is  not  improbable 
tliui  ..tliLT  fuiiui  tliaiL  our  ciiinuoii  -  edible  uuislirooiii  "  will  bv 
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fruite,  of  which  mention  is  now  to  be  made,  are  those  com- 
moDly  spoken  of  in  oar  markets,  as  fruits. 

First  of  all,  attention  mnst  be  called  to  the  extraordinary 
changes  in  the  commercial  relations  of  fruits  by  two  direct 
caases, 

(1)  The  canning  industry,  and 

(2)  Swift  transportation  by  steamers  and  railroads. 

The  effects  of  these  two  agencies  are  too  well  known  to 
require  more  than  this  passing  mention.  By  them  the  fruits 
of  the  best  fruit-growing  countries  are  carried  to  distant  lands 
in  quantities  which  surprise  all  who  see  the  statistics  for  the 
first  time.  The  ratio  of  increase  is  very  startling.  Take  for 
instance,  the  figures  given  by  Mr.  Morris  at  the  time  of  the 
great  Colonial  and  Indian  Exhibition,  in  London.  Compare 
donble  decades  of  years. 

1845,  £886,888. 
1865,  £3,185,984. 
1885,  £7,587,523. 

In  the  Colonial  Exhibition  at  London,  in  1886,  fruits  from 
the  remote  colonies  were  exhibited  under  conditions  which 
proved  that,  before  long,  it  may  be  possible  to  place  such 
delicacies  as  the  Cherimoyer,  the  Sweet-cup,  Sweet-sop,  Ram- 
butan.  Mango  and  Mangosteen,  at  even  our  most  northern  sea- 
ports. Furthermore,  it  seems  to  me  likely  that  with  an  in- 
crease in  our  knowledge  with  regard  to  the  microbes  which 
prodnce  decay,  we  may  be  able  to  protect  the  delicate  fruits 
irom  injury  for  any  reasonable  period.  Methods  which  will 
supplement  refrigeration  are  sure  to  come  in  the  very  near 
future,  so  that  even  in  a  country  so  vast  as  our  own,  the  most 
perishable  fruits  will  be  transported  through  its  length  and 
breadth  without  harm. 

The  canning  industry  and  swift  transportation  are  likely  to 
diminish  zeal  in  searching  for  new  fruits,  since,  as  we  have 
seen  in  the  case  of  the  cereals,  we  are  prone  to  move  in  lines 
of  least  resistance  and  leave  well  enough  alone. 

To  what  extent  are  our  present  fniits  likely  to  be  improved  ? 
Even  those  who  have  watched  the  improvement  in  the  quality 
of  some  of  our  fruits,  like  oranges,  can  hardly  realize  how 
great  has  been  the  improvement  within  historic  times  in  the 
character  of  certain  pears,  apples,  and  so  on. 

The  term  historic  is  used  aavisedly,  for  there  are  pre-historic 
fruits  which  might  serve  as  a  point  of  departure  in  the  consid- 
eration of  the  question.  In  the  ruins  of  the  lake-dwellings 
in   Switzerland,     charred  apples  have  been  found,  which  are 
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iu  Boine  cases,  plainly  of  small  size,  hardly  eqaalliiig  ordiDtr; 
crab  apples.  Bat,  as  Dr.  Startevaat  has  shown,  in  certain 
directions,  there  has  been  no  marked  change  of  type,  the 
change  is  in  quality. 

In  comparing  the  earlier  descriptions  of  fruits  with  modem 
acconnts  it  is  well  to  remember  tliat  the  high  standards  by 
which  fruits  are  now  judged  are  of  recent  eBtablishmenl. 
Fruits  which  would  once  have  been  esteemed  excellent,  would 
to-day  be  passed  by  as  unworthy  of  regard 

It  seems  probable  that  the  list  of  seedless  fruits  will  be 
materially  lengthened,  provided  our  experimental  borticnltur- 
iets  make  use  of  the  material  at  their  command.  The  com- 
mon fruits  which  have  very  few  or  no  seeds  are  the  banana, 
Eineapple  and  certain  oranges.  Others  mentioned  by  Mr. 
larwin  as  well  knuwn  are  the  bread-frnit,  pomegntnste, 
azarole  or  Xeapolitan  medlar,  and  date  palme.  In  commentiop 
upon  these  fruits,  Mr.  Darwin"  says  tnat  most  horticnltariste 
"look  at  the  great  size  and  anomalous  development  of  the 
fruit  as  the  cause  and  sterility  as  the  result,"  bat  he  holds  the 
opposite  view  as  more  probable,  that  is,  that  the  sterility,  com- 
ing abont  gradually,  leaves  free  for  other  growth  the  abondant 
supply  of  building  material  which  the  forming  seed  woald 
otherwise  have.  He  admits,  however,  that  "there  is  an  antag- 
onism between  the  two  forms  of  reproduction,  by  seeds  and 
by  buds  when  either  is  carried  to  an  extreme  degree  which  it 
independent  of  any  incipient  sterility." 

Host  plant-hybrids  are  relatively  infertile,  but  by  no  means 
wholly  sterile.  With  this  sterility  there  is  generally  anjf 
tneuted  vegetative  vigor,  ae  shown  by  ?yiigeli.     I  artial  or  com- 
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ioned  must  be  propagated  by  bad  division,  and  be  open 
.6  tendency  to  diminished  strength  said  to  be  the  conse- 
ice  of  continued  bud-propagation.  But  this  bridge  need 
ye  crossed  until  we  come  to  it.  Bananas  have  been  per- 
attid  in  this  way  for  many  centuries,  and  pineapples  since 
liscovery  of  America,  so  that  the  borrowed  trouble  aUuded 
not  threatening.  First  we  must  catch  our  seedless  fruits, 
hich  of  our  wild  fruits  are  promising  subjects  for  selec- 
and  cultivation  ? 

r.  Crozier  of  Michigan  has  pointed  out"  the  direction  in 
'.h  this  research  may  prove  most  profitable.  He  enumer- 
many  of  our  small  fruits  and  nuts  which  can  be  improved, 
nother  of  our  most  careful  and  successful  horticulturists 
tves  that  the  common  blueberry  and  its  allies  are  very 
ble  for  this  purpose  and  offer  good  material  for  expen- 
ting.  The  sugar-plum,  or  so-called  shadbush,  has  been  im- 
ed  in  many  particulars,  and  others  can  be  added  to  this 

it  again  we  turn  very  naturally  to  Japan,  the  country  from 
th  our  gardens  have  received  many  treasures.     Reierring 

more  to  Professor  Georgeson's  studies,"  we  must  mention 
varieties  of  Japanese  apples,  pears,  peaches,  plums,  cherries 
persimmons.  The  persimmons  are  already  well-known  in 
5  parts  of  our  country,  under  the  name  "  kaki "  and  they 
doubtless  make  rapid  progress  in  popular  favor. 
le  following  are  less  familiar :  Actinidia  arguia  and 
biliSj  with  delicious  berries ; 

auntonia^  an  evergreeen  vine  yielding  a  palatable  fruit ; 
yrica  rubra^  a  small  tree  with  an  acidulous  juicy  fruit ; 
Ueagnus  uvihMata^  with  berries  for  preserves. 
le   active   and    discriminating    horticultural    journals   in 
jrica  and  Europe  are  alive  to  the  possibilities  of  new  Jap- 
3  fruits,  and  it  cannot  be  very  long  before  our  list  is  con- 
•ably  increased. 

is  absolutely  necessary  to  recollect  that  in  most  cases 
itions  are  slight.  Dr.  Masters  and  Mr.  Darwin  have  called 
ition  to  this  and  have  adduced  many  illustrations,  all  of 
{h  show  the  necessity  of  extreme  patience  and  caution, 
general  student  curious  in  such  matters  can  have  hardly 
task  more  instructive  than  the  detection  of  the  variations 
3ch  common  plants  as  the  blueberry,  the  wild  cherry,  or 
like.  It  is  an  excellent  preparation  for  a  practical  study 
le  variations  in  our  wild  fruits  suitable  for  selection, 
was  held  by  the  late  Dr.  Gray  that  the  variations  in  nature 
vhich  species  have  been  evolved  were  led  along  useful 
,  a  view  which  Mr.  Darwin  regretted  he  could  not  enter- 
However  this  may  be,  all  acknowledge  that  by  the  hand 
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of  the  cultivator  variationB  can  be  led  along  naefal  lines;  and 
furthermore  the  hand  which  eelecte  most  uphold  them  in  their 
unequal  strife.  In  other  words  it  is  one  thing  to  select  a  variet; 
and  another  to  assist  it  in  maintaining  its  hold  upon  existence. 
Without  the  constant  help  of  the  cultivator  who  selects  the 
useful  variety,  there  comes  a  reversion  to  the  ordinary  specific 
type  which  ie  titled  to  cope  with  its  surroundings, 

I  think  you  can  agree  with  me  that  the  prospect  for  nev 
fruits  and  for  improvements  in  our  estabhshea  favorites  is 
fairly  good. 

IV.  TiuBERS  AND  Cabinet  Woods. 
Can  we  look  for  new  timbers  and  cabinet  woods  ?  Compar- 
atively few  of  tliose  in  common  use  are  of  recent  introdnctian. 
Attempts  have  been  made  to  bring  into  great  prominence  eome 
of  the  excellent  trees  of  India  and  Austnuia  which  furnish  wood 
of  much  beauty  and  timber  of  the  best  quality.  A  large  pru- 
portioii  of  all  the  timbers  of  the  South  Seas  are  characterized 
by  remarkable  firmness  of  texture  and  high  specific  gravity." 
The  same  is  noticed  in  many  of  the  woods  of  the  Indies. 
A  few  of  the  heavier  and  denser  sorts,  like  Jarrah,  of  We»t 
Australia,  and  Sabicu  of  the  Caribbean  Islands,  have  met  witii 
deserved  favor  in  England,  but  tlie  cost  of  transportation  mili- 
tates against  them.  It  is  a  fair  question  whether,  in  certain 
parts  of  our  country,  these  trees  and  others  which  can  be  util- 
ized for  venoei-s,  may  not  be  ciiltivatiiii  Ui  advantiigi*.  Atten- 
tion sliould  be  again  called  to  the  fact  that  many  plants  suc- 
ceed far  better  in  localities  which  are  remote  from  their  oridn 
but  where  tliey  find  couditions  hiubstantially  liko  tho^je  whic-h 
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both  cases  is  double :  to  preserve  the  old  treasures  and  to  bring 
in  new. 

The  energy  shown  by  Baron  von  Mueller,  the  renowned 
Government  Botanist  oi  Victoria  and  by  various  Forest  de- 
partments in  encouraging  the  cultivation  of  timber  trees  will 
assuredly  meet  with  success;  one  can  hardly  hope  tbal  this 
success  will  appear  fully  demonstrated  in  the  lifetime  of  those 
now  living,  but  I  cannot  think  that  many  years  will  pass  before 
the  promoters  of  such  enterprises  may  take  fresh  courage. 

In  a  modest  structure  in  the  City  of  Sydney,  New  South 
Wales,  Mr.  Maiden"  has  brought  together,  under  great  diffi- 
culties, a  large  collection  of  the  useful  products  of  tne  vegeta- 
ble kingdom  as  represented  in  Australia.  It  is  impossible  to 
look  at  the  collection  of  woods  in  that  Museum  or  at  the  similar 
and  more  showy  one  in  Kew,  without  believing  that  the  field 
of  forest  culture  must  receive  rich  material  from  the  Southern 
hemisphere. 

Before  leaving  this  part  of  our  subject,  it  may  be  well  to 
take  some  illustrations  in  passing,  to  show  how  important  is 
the  influence  exerted  upon  the  utilization  of  vegetable  products 
by  causes  which  may,  at  first,  strike  one  as  being  rather  remote. 

(1)  Photography  makes  use  of  the  effect  of  light  on  chroma- 
tized  gelatin  to  produce  under  a  negative  the  basis  of  relief 
plates  for  engraving.  The  degree  of  excellence  reached  in 
modifications  of  this  simple  device  has  distinctly  threatened 
the  very  existence  of  wood  engraving,  and  hence  follows  a 
diminished  degree  of  interest  in  box-wood  and  its  substitutes. 

(2)  Iron,  and  in  its  turn  steel,  is  used  in  ship-building  and 
this  renders  of  greatly  diminished  interest  all  questions  which 
concern  the  choice  of  the  different  oaks,  and  similar  woods : 

(3)  But  on  the  other  hand  there  is  increased  activity  in 
certain  directions,  best  illustrated  by  the  extraordinary  devel- 
ment  of  the  chemical  methods  for  manufacturing  Wood  pulp. 
By  the  improved  processes,  strong  fibers  suitable  for  fine  felt- 
ing on  the  screen  and  fit  for  the  best  grades  of  certain  lines  of 
paper  are  given  to  us  from  rather  inferior  sorts  of  wood.  He 
would  be  a  rash  prophet  who  should  venture  to  predict  what 
will  be  the  future  of  this  wonderful  industry,  but  it  is  plain 
that  the  time  is  not  far  distant  when  acres  now  worthless  may 
be  covered  by  trees  under  cultivation  growing  for  the  pul])- 
maker. 

There  is  no  department  of  Economic  Botany  more  promis- 
ing in  immediate  results  than  that  of  Arboriculture. 

V.     VSGBTABLE   FiBERS. 

The  vegetable  fibers  known  to  commerce  are  either  plant 
hairs,  of  which  we  take  cotton  as  the  type,  or  filaments  of 
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baet-ttssue,  repreeented  b;  flax.  No  new  pUnt  haire  have 
been  suggested  which  can  compete  in  any  way  for  apinning 
with  those  yielded  by  the  species  of  GosBypinra,  or  cotton,  but 
experimeQts  more  or  less  Bystetnatic  and  thoroagh  are  beinf; 
carried  on  with  regard  to  the  improvement  of  the  varieties  ai 
the  species.  Plant  hairs  for  the  stuffing  of  cuehiona  and  pil- 
lows need  not  be  referred  to  in  connection  with  this  eubject. 

Conntless  sorts  of  plants  have  been  sn^ested  as  sonrcee  of 
good  bast-fibers  for  spinning  and  for  cordaee,  and  many  of 
these  make  capital  substitutes  for  those  already  iu  the  factories. 
But  the  questions  of  cheapness  of  production,  and  of  snbee- 
quent  preparation  for  use,  have  thus  far  militated  a^inst  etic- 
cess.  There  may  be  much  difference  between  the  profits 
promised  by  a  laboratory  experiment  and  those  resulting  from 
the  same  process  conducted  on  a  commercial  scale.  The  exist- 
ence of  such  dirterences  has  been  the  rock  on  which  many 
enterprises  seekinj;  to  introduce  new  fibers  have  been  wrecked. 

In  dismissing  this  portion  of  our  subject  it  may  be  said  that 
a  process  for  separating  fine  libers  from  undesirable  structnr^ 
elements  and  from  resin  like  substances  which  accompany 
them,  is  h  great  desideratum.  If  this  were  sapplied,  maay 
new  species  would  assume  great  prominence  at  once. 

VI.     Taxning  Materials, 

What  new  tanning  materials  can  be  confidently  sought  for? 
Iu  his  "  Useful  Native  Plants  of  Australia,"  Mr.  Haidra" 
describes  over  thirty  species  of  "Wattles"  or  Acacias,  and 
about  half  as  many  Eucalypts,  which  have  lieen  examined  for 
the  amount  of  tanning  material  contained  in  the  bark.     Ill  ill 
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India  Jiubber.^* — Under  this  term  are  incladed  nnmeroas 
substances  which  possess  a  physical  and  chemical  resemblance 
to  each  other.  An  Indian  Ficus,  the  early  source  of  supply, 
eoon  became  inadequate  to  furnish  the  quantity  used  in  the 
arts  even  when  the  manipulation  of  rubber  was  almost  unknown. 
Later,  supplies  came  from  Ilevea  of  Brazil,  generally  known 
as  Para  rubber,  and  from  CastilLoa^  sometimes  called  Central 
American  Rubber,  and  from  Manihot  Glaziovii  Ceara  rubber. 
Not  only  are  these  plants  now  successfully  cultivated  in  experi- 
mental wardens  in  tne  Tropics,  but  many  other  rubber-yielding 
species  nave  been  added  to  the  list.  The  Landolphias  are 
among  the  most  promising  of  the  whole :  these  are  the  Afri- 
can rubbers.  Now  in  addition  to  these  which  are  the  chief 
source  of  supply,  we  have  Wilhujhheia^  from  the  Malayan 
Peninsula,  Leuconotis^  Chiloca/Pi>us^  Ahtonia,  I^orsteronia, 
and  a  species  of  a  genus  formerly  known  as  Urostigma,  but 
now  united  with  F\cuh.  These  names,  which  have  little  sig- 
nificance as  they  are  here  pronounced  in  passing,  are  given  now 
merely  to  impress  upon  our  minds  the  fact  that  the  sources  of 
a  single  commercial  article  may  be  exceedingly  diverse.  Under 
these  circumstances  search  is  being  made  not  only  for  the  best 
varieties  of  these  species  but  for  new  species  as  well. 

There  are  few  excursions  in  the  Tropics  which  possess 
greater  interest  to  a  botanist  who  cares  for  the  industrial 
aspects  of  plants  than  the  walks  through  the  Gardens  at  Buiten- 
zorg  in  Java  and  at  Singapore.  At  both  these  stations  the 
experimental  Gardens  lie  at  some  distance  from  the  great 
gardens  which  the  tourist  is  expected  to  visit,  but  the  exertion 
well  repavs  him  for  all  discomfort.  Under  tlie  almost  vertical 
rays  of  the  sun,  are  here  gathered  the  rubber-yielding  plants 
from  different  countries,  all  growing  under  conditions  favora- 
ble for  decisions  as  to  thoir  relative  value.  At  Buitenzorg  a 
well-equipped  laboratory  stands  ready  to  answer  practical  ques- 
tions as  to  quality  and  composition  of  their  products,  and  year 
by  year  the  search  extends. 

1  mention  this  not  as  an  isolated  example  of  what  is  being 
accomplished  in  Commercial  Botany,  but  as  a  fair  illustration 
of  the  thoroughness  with  which  the  problems  are  being  at- 
tacked. It  should  be  further  stated  that  at  the  Garden  in 
question  assiduous  students  of  the  subject  are'  eagerly  wel- 
comed and  are  provided  with  all  needea  appliances  for  carry- 
ing on  technical,  chemical  and  pharmaceutical  investigations. 
Therefore  I  am  justified  in  saying  that  there  is  every  reason 
for  believing  that  in  the  very  near  future  new  sources  of  our 
most  important  products  will  be  opened  up,  and  new  areas 
placed  under  successful  cultivation. 

At  this  point,  attention  must  be  called  to  a  very  modest  and 
convenient  handbook  on  the  Commercial  Botany  of  the  Nine* 
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teenth  Century  by  Mr.  Jackson  of  the  Botanical  Mnseuni 
attaclied  to  the  Royal  Gardens,  Kew,  which  not  only  embodies 
a  great  amount  of  well-arraTiged  information  relative  to  the 
new  useful  plants,  but  is,  at  the  same  time,  a  record  of  tie 
existing  state  of  things  in  all  these  departments  of  activity. 

VIII.  Fraukast  Plants. 

Another  illustration  of  our  subject  might  be  drawn  from* 
class  of  plants  which  repays  close  study  from  a  biological 
point  of  view,  namely,  those  which  yield  perfumes. 

In  speaking  of  the  future  of  our  fragrant  plants  we  mnrt 
distinguish  between  those  of  commercial  value  and  those  of 
purely  horticultural  interest.  The  former  will  bo  less  and  lea* 
cultivated  in  proportion  as  synthetic  chemistry  by  ite  man 
facture  of  perfumes  replaces  the  narural  by  the  artificial  pi 
ducts,  for  example,  Coumarin,  Vanillin,  Nerolin,  Ileliotropin,! 
and  even  Oil  of  Wintergreen. 

But  do  not  understand  me  as  intimating  that  Cbemi 
can  ever  furnish  substitutes  for  living  fragrant  plants. 
gardens  will  always  be  sweetened  by  them,  and  the  poesibilll 
in  this  direction  will  continue  to  extend  both  by  contribdtit 
from  abroad  and  by  improvement  in  our  present  cnltivtt 
varieties.  Among  the  foreign  acquisitions  are  the  frsgni 
species  of  Andropogon.  Who  would  suspect  tliat  the  tr(>|^e. 
relatives  of  our  sand-loving  grasses  are  of  high  comnwroH' 
value  as  sonrces  of  perfumery  oils? 

The  utility  to  tli^^kut  of  fragrance  in  the  flowo^ 
relation  of  this  to^^^Hktilization,  are  app&rei 
casnal  observer,     ^^^^^pragrance  of  an 
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eetiDg  to  note,  too,  that  some  of  these  most  modem  antisep- 
tics were  important  constituents  in  the  balsamic  vulneraries  of 
the  earliest  surgery. 

IX.  Florists'  Plants. 

Florists'  plants  and  the  floral  fashions  of  the  future  consti- 
tute an  engaging  subject  which  we  can  touch  only  lightly.  It 
is  reasonably  clear  that  while  the  old  favorite  species  will  hold 
their  ground  in  the  guise  of  improved  varieties,  the  new 
introductions  will  come  in  the  shape  of  plants  with  flowering 
branches  which  retain  their  blossoms  lor  a  somewhat  long 
period,  and  especially  those  in  which  the  flowers  precede  the 
leaves.  In  short  the  next  real  fashion  in  our  gardens  is  proba- 
bly to  be  the  flowering  shrub  and  flowering  tree,  like  those 
wnich  are  such  favorites  in  the  country  from  which  the  West- 
ern world  has  gladly  taken  the  gift  of  the  Chrysanthemum." 

Twice  each  year  of  late,  a  reception  has  been  held  by  the 
Emperor  and  Empress  of  Japan.  The  receptions  are  in 
autumn  and  in  the  spring.  That  in  the  autumn,  popularly 
known  as  the  Emperor's  reception,  has  for  its  floral  decorations 
the  myriad  forms  of  the  national  flower,  the  chrysanthemum ; 
that  which  is  given  in  spring,  the  Empress'  reception,  comes 
when  the  cherry  blossoms  are  at  their  best.  One  has  little 
idea  of  the  wealth  of  beauty  in  masses  of  flowering  shrubs 
and  trees,  until  he  has  seen  the  floral  displays  in  the  Imperial 
Gardens  and  the  Temple  grounds  in  Tokio. 

To  Japan"  and  China  also,  we  are  indebted  for  many  of  the 
choicest  plants  of  our  gardens,  but  the  supply  of  species  is  by 
no  means  exhausted.  ^"^  far  the  larger  number  of  the  desira- 
ble plants  have  already  found  their  way  into  the  hands  of  culti- 
vators, but  often  under  conditions  which  have  restricted  their 
dissemination  through  the  flower-loving  community.  There 
are  many  which  ought  to  be  widely  known,  especially  the 
fascinating  dwarf  shrubs  and  dwarf  trees  of  the  far  East, 
which  are  sure  to  find  sooner  or  later  a  warm  welcome  among 
us. 

X.  Forage  Plants. 

Next  to  the  food  plants  for  man,  there  is  no  single  class  of 
commercial  plants  of  greater  interest  than  the  fooa-plants  for 
flocks  and  nerds.  Forage  plants,  wild  and  cultivated,  are 
among  the  most  important  and  highly  valued  resources  of  vast 
areas.  No  single  question  is  of  more  vital  consequence  to  our 
farthest  west  and  southwest. 

It  so  happens  that  the  plants  on  which  the  pastoralist  relies 

frow  or  are  grown  on  soil  of  inferior  value  to  the  agriculturist. 
Iven  soil  which  is  almost  sterile  may  possess  vegetation  on 
which  flocks  and  herds  may  graze,  and,  further,  these  animals 
may  thrive  in  districts  where  the  vegetation  appears  at  first 
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sight  too  scanty  or  too  forbidding,  even  to  support  life. 
There  are  immense  districts  in  parte  of  the  Australian  conti- 
nent where  flocks  are  kept  on  plants  so  dry  and  desert-like  that 
an  inexperienced  person  would  pass  them  by  as  not  fit  for 
his  sheep,  and  yet,  as  Mr.  Samuel  Dixon"  has  well  shown,  these 
plants  are  of  high  nutritive  value  and  are  attractive  to  flocks. 

Relegating  to  the  notes  to  be  published  with  this  address 
brief  descriptions  of  a  few  of  the  fodder  plants  sngsested  for 
use  in  dry  dietricts,  I  shall  now  mention  the  salt-bushes  of 
variouB  sorte,  and  the  allied  desert  plants  of  Australia  as  worth 
a  careful  trial  on  some  of  onr  very  dry-  regions  in  the  farthsft 
west.  There  are  numerous  other  excellent  fodder  plants 
adapted  to  dry  but  not  parched  areas  which  can  be  brought  in 
from  the  corresponding  districts  of  the  southern  hemisphere 
and  from  the  East 

At  an  earlier  stage  of  this  address,  I  have  had  occasion  to 
refer  to  Baron  von  Mueller,  whose  efforts  looking  towards  the 
introduction  of  useful  plants  into  Australasia  have  been  aided 
largely  by  his  convenient  treatise  on  economic  plants.'  It  may 
be  said  in  connection  with  the  fodder  plants,  especially,  thsl 
much  which  the  Baron  bus  written  can  be  applied  mutatii 
mutandis  to  parte  of  our  own  country. 

The  important  subject  of  introducing  fodder  plants  has  been 
purposely  reserved  to  the  last  because  it  permits  us  to  examine 
a  practical  point  of  great  interest.  This  is  the  caution  which 
it  is  thought  necessary  to  exercise  when  a  species  is  transferred 
by  onr  own  choice  from  one  country  to  another.  I  say,  bv 
our  choice,  for  whether  we  wish  it  or  not  certain  plants  will 
introduce  themselves.  In  these  days  of  frequent  and  intimate 
intercuTiiiLHiriifittinii    bi'tvyei-'ii  diftereiit  counti-ies,  the  i; 


O.  Z.  Ooodale — Possibilities  of  Economic  Botany.   29T 

Another  illustration  is  afforded  by  a  water-plant  which  we 
have  given  to  the  old  world.  This  plant,  called  in  oar  bot- 
anies AnachariSj  or  Elodea^  is  so  far  as  I  am  aware,  not  trouble- 
some in  our  ponds  and  water-ways,  but  when  it  was  carried  to 
England,  perhaps  as  a  plant  for  the  aquarium,  it  was  thrown 
into  streams  and  rivers  with  a  free  hand.  It  spread  with  re- 
markable rapidity  and  became  such  an  unmitigated  nuisance 
that  it  was  called  a  curse.  Efforts  to  extirpate  it  merely 
increased  its  rate  of  growth  Its  days  of  mischief  are  how- 
ever nearly  over,  or  seem  to  be  drawing  to  a  close,  at  least  so 
Mr.  Lynch  of  the  Botanic  Garden  in  Cambridge,  England, 
and  others  of  my  informants  think.  The  history  of  the  plant 
shows  that  even  under  conditions  which  so  far  as  we  can  see, 
are  identical  with  those  under  which  the  plant  grew  in  its 
home,  it  may  for  a  time  take  a  fresh  lease  of  life  and  thrive 
with  an  undreamed-of  energy. 

What  did  Anacharis  find  in  the  waters  of  England  and  the 
continent  that  it  did  not  have  at  home,  and  why  should  its 
energy  begin  to  wane  now  ? 

In  Australasia  one  of  the  most  striking  of  these  intruders 
is  Sweet-briar.  Introduced  as  a  hedge  plant  it  has  run  over 
certain  lands  like  a  weed,  and  disputes  every  acre  of  some 
arable  plats.  From  the  facility  with  which  it  is  propagated,  it 
is  almost  ineradicable.  There  is  something  astoundmg  in  the 
manner  in  which  it  gains  and  holds  its  ground.  Gorse  and 
brambles  and  thistles  are  troublesome  in  some  localities,  and 
they  prove  much  less  easy  to  control' than  in  Europe.  The 
effect  produced  on  the  mind  of  the  colonist  by  these  intruding 
pests,  is  everywhere  the  same.  Whenever  in  an  examination 
of  the  plants  likely  to  be  worthy  of  trial  in  our  American  dry 
lands,  the  subject  was  mentioned  l)y  me  to  Australians,  I  was 
always  enjoined  to  be  cautious  as  to  what  plants  I  might  sug- 
gest for  introduction  from  their  country  into  our  own.  My 
good  friends  insisted  that  it  was  bad  enough  to  have  as  pests 
tne  plants  which  come  in  without  our  planning  or  choice,  and 
this  caution  seems  to  me  one  which  should  not  be  forgotten. 

It  would  take  us  too  far  from  our  path  to  inquire  what  can 
be  the  possible  reasons  for  such  increase  of  vigor  and  fertiUty 
in  plants  which  are  transferred  to  a  new  home.  We  should 
have  to  examine  all  the  suggestions  which  have  been  made, 
such  as  fresh  soil,  new  skies,  more  efficient  animal  friends,  or 
less  destructive  enemies.  We  should  be  obliged  also  to  see 
whether  the  possible  wearing  out  of  the  energy  of  some  of 
tbeee  plants  after  a  time,  might  not  be  attributable  to  the 
decadence  of  vigor  through  uninterrupted  bud-propagation, 
and  we  should  have  to  allude  to  many  other  questions  allied  to 
these.     But  for  this  time  fails. 
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Lack  of  time  also  renders  it  impossible  to  deal  with  the 
qnestione  which  attach  themselves  to  our  main  question,  espe- 
cially as  to  the  limits  of  eSect  which  cultivation  may  produce. 
We  cannot  touch  the  problem  of  inheritauce  of  acqaired 
peculiarities,  or  the  manner  in  which  cultivation  predisposes 
the  plant  to  innumerable  modifications.  Two  of  these  niodifi- 
cations  may  be  mentioned  in  passing,  beeattse  they  serve  to 
exemplify  the  practical  character  of  our  subject. 

Cultivation  brings  about  in  plants  very  curious  morphologi- 
cal changea  For  example,  in  the  case  of  a  well  known  vege- 
table the  number  of  metamorphosed  type-leaves  forming  flie 
ovary  is  two,  and  yet  under  cultivation,  the  number  increases 
irregularly  until  the  full  number  of  units  in  the  type  of  the 
flower  is  reached.  Professor  Bailey  of  Cornell  has  called 
attention  to  some  further  interesting  changes  in  the  tomato, 
but  the  one  mentioned  eufUces  to  illustrate  the  direction  of 
variation  which  plants  under  cultivation  are  apt  to  take. 
Monstrosities  are  very  apt  to  occur  in  cultivated  plants,  and 
under  certain  conditions  may  be  perpetuated  in  succeeding 
generations,  thus  widening  the  field  from  which  ntilizable 
plants  may  be  taken. 

Another  case  of  change  produced  by  cnltivation  is  Ukewiee 
as  yet  wholly  unexplained,  although  much  studied-,  namely  the 
mutua!  interaction  of  scion  and  stock  in  grafting,  bndding,  and 
the  like  It  is  probable  that  a  further  investigation  of  this 
subject  may  yet  throw  light  on  new  possibilities  in  plants. 

We  have  now  arrived  at  the  most  practical  qaeation  of  all, 
namely — 

III  w'hiit  way  can  the  raii^e  of  (.'oiimiercial  botany  V  ex- 
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But  what  is  needed  is  this,  that  the  promieiiii^  plants  should 
be  systematically  investigated  under  exhaustive  conditions. 
It  is  not  enough  that  an  enthusiast  here,  or  an  amateur  there 
should  give  a  plant  a  trial  under  imperfectly  understood  con- 
ditions, and  then  report  success  or  failure.  The  work  should 
be  thorough  and  every  question  answered  categorically,  so  that 
we  might  be  placed  in  possession  of  all  the  facts  relative  to  the 
object  experimented  upon.  But  such  an  undertaking  requires 
the  cooperation  of  many  different  agencies.  I  shall  venture 
to  mention  some  of  these. 

In  the  first  place, — Botanic  Gardens  amply  endowed  for 
research.  The  Arnold  Arboretum,  the  Shaw  harden,  and  the 
Washington  Experimental  Garden,  are  American  illustrations 
of  what  is  needed  for  this  purpose.  University  gardens  have 
their  place  in  instruction,  but  cannot  wisely  undertake  this 
kind  of  work. 

In  the  second  place, — Museums  and  Laboratories  of  Eco- 
nomic Botany.  Much  good  work  in  this  direction  has  been 
done  in  this  country  by  the  National  Museum  and  by  the 
department  in  charge"  of  the  investigation  of  new  plants. 
We  need  institutions  like  those  at  Kew  in  England,  and  at 
Buitenzorg  in  Java,  which  keep  in  close  touch  with  all  the 
world.  The  founding  of  an  establishment  on  a  scale  of  mag- 
nitude commensurate  with  the  greatness  and  needs  of  our 
country  is  an  undertaking  which  waits  for  some  one  of  our 
wealthy  men. 

In  the  third  place, — Experiment  Stations.  These  may, 
within  the  proper  limits  of  their  sphere  of  action,  extend  the 
study  of  plants  beyond  the  established  varieties  to  the  species, 
and  beyond  the  species  to  equivalent  species  in  other  genera. 
It  is  a  matter  of  regret  that  so  much  of  the  energy  displayed 
in  these  stations  in  this  country,  and  we  may  say  abroad,  has 
not  been  more  economically  directed. 

Great  economy  of  energy  must  result  from  the  recent 
change  by  which  coordination  of  action  is  assured.  The 
influence  which  the  stations  must  exert  on  the  welfare  of  our 
country,  and  the  development  of  its  resources  is  incalculable. 

In  the  last  place,  but  by  no  means  least,  the  cooperation  of 
all  who  are  interested  in  scientific  matters,  through  their  obser- 
vation of  isolated  and  associated  phenomena  connected  with 
plants  of  supposed  utility,  and  by  the  cultivation  of  such 
plants  by  private  individuals,  unconnected  with  any  State, 
governmental,  or  academic  institutions. 

By  these  agencies,  wisely  directed  and  energetically  em- 
ployed, the  domains  of  commercial  and  industrial  botany,  will 
De  enlarged.  To  some  of  the  possible  results  in  these  domains, 
I  have  endeavored  to  call  your  attention. 
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°  The  foUoiriDg  are  among  the  more  useful  works  of  s  geuenl  character,  deil- 
ing  wiih  the  subject.  Others  are  referred  to  either  In  the  text  or  notes.  The 
reader  may  consult  also  the  list  of  works  on  Kconomic  Bobui;  in  tbe  catalogw 
puhliflhed  by  the  LinnmiQ  Society. 

SdKt  Eztra-tropical  Flantt,  readily  eligible  for  iDduslrial  culture  or  naturaliia' 
tion,  witli  indieationa  of  tboir  native  «>untriea  and  some  of  their  uses.  Bj  Baiox 
Ferd.  von  Mubllbb,  K.C.M.G,,  F.R.S.,  etc,  Goverement  Botanist  for  Victorii. 
(Melbourne),  18B8.     Seventh  edition,  rerised  and  enlarged. 

At  the  cloae  of  his  treBtiseoii  industriHl  plaota.  BaroDTon  Mueller  has  grouped 
the  genera  indicatini;  the  different  claaaea  of  useful  products  in  such  ■  maDuer 
tbat  we  can  asisrtaiii  the  respective  numberB  belonging  to  the  genera.  Of  oourae 
many  of  these  genera  figure  in  more  than  one  category. 

He  has  also  arranged  the  plants  according  to  the  countries  iiaturaBy  produnnq 

Itefut  Xative  Plants  of  Auatralia,  (including  TaHmania).  By  J.  H.  Hatoki, 
F.L.S..  Curator  of  the  Techuologicsl  Museum  of  New  South  n'ales,  Sydney. 
(SydneyX  1889- 

Se^  also  note  1 9. 

Handbook  of  Commercial  Geography.  By  Oeo.  G.  Cbisuoui,  U.A.,  B.Sc. 
Loudon.  1^89. 

New  Gommereial  Plants  with  directiona  how  to  grow  them  to  the  beat  advaU' 
tage.     By  Thom*b  Chhistit  (London),  Christy  and  Co. 

Mclionan/  of  popular  names  of  the  plants  which  furnish  the  natural  and 
acquired  wants  of  man.     By  JOBH  SviTH,  A.L.S.  (London),  188!. 

OttlHvaled  Plants  Their  propagation  and  improvement.  By  F.  W.  BimBiot. 
(London),  1877. 

Tht  Vr'anderingi  of  Plants  and  BnitDBls  from  their  first  home.  By  VicniB 
Eehx,  ediwd  by  James  Steven  Stallybrass,  (London)  18BB. 

Researrhes  into  the  Early  History  of  Mankmd.  and  the  Development  of  Civiliza- 
tion.    By  KDWA.BD  B.  TTUift,  D.C.L.,  LL.D.,  F.K.a,  IB7B. 

'  The  number  of  species  of  Phtenogsmia  has  been  given  by  manj  writers  as 
not  far  from  1&0,000.  Bui  the  total  number  of  species  recognized  by  BenUuim 
and  Hooker  in  the  Genera  PlBntamm  (Durand'a  ludex)  is  100,310,  in  310  Natonl 
Orders  and  8.417  genera. 

'  Dr.  E.  Lewis  isturtevant,  to  whose  kiodneas  I  am  indebted  for  great  aaaisl- 
"  -r  o(  references  has  placed  at  my  disposal  many  of  hie  ni  ' 
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*  In  order  to  avoid  possible  misapprehension,  it  should  be  stated  that  there  are 
a  few  persons  who  hold  that  at  least  some  of  our  cereals,  and  other  cultivated 
plants,  for  that  matter,  have  not  undergone  material  improvement  but  are  essen- 
tially unmodified  progeny.  Under  this  view,  if  we  could  look  back  into  the 
farthest  past,  we  should  see  our  cereals  growing  wild  and  in  such  admirable  con- 
dition that  we  should  unhesitatingly  select  them  for  immediate  use.  This  extreme 
position  is  untenable. 

Again,  there  are  a  few  extremists  who  hold  that  some  plants  under  cultivation 
have  reached  their  culminating  point,  and  must  now  remain  stationary  or  begin 
to  retrograde. 

*®  Gray's  Botanical  Text  Book.     Vols,  i  and  ii. 

'^  .4  Selection  fr<ym  the  Physiological  and  Horticultural  Papers,  published  in  the 
Transactions  of  the  Royal  and  Horticultural  Societies,  by  the  late  Thomas 
Andrew  Knight,  Ksq.,  President  of  the  Hort.  Soc.  London,  (London)  1841. 

^-  Illustrations  of  the  Manners  and  Customs  and  Condition  of  the  North  American 
Indians.  By  George  Catlin,  London,  1876.  A  reprint  of  the  account  published 
in  1841  of  travels  in  1832-40. 

''  Plate  278  is  a  party  of  Sioux,  in  bark  canoes  (purchased  of  the  Chippewas), 
gathering  the  wild  rice,  which  grows  in  immense  fields  around  the  shores  of  the 
rivers  and  lakes  of  these  northern  regions,  and  used  by  the  Indians  as  an  article 
of  food.  The  mode  of  gathering  it  is  curious  and,  as  seen  in  the  drawing,  one 
woman  paddles  the  canoe,  whilst  another  with  a  stick  in  each  hand,  bends  the 
rice  over  the  canoe  with  one.  and  strikes  it  with  the  other,  which  shakes  it  into 
the  canoe,  which  is  constantly  moving  along  until  it  is  filled."     Vol.  li,  p.  208. 

"  Schliemann's  carbonized  specimens  exhumed  in  Greece  are  said  to  be  '*  very 
hard,  fine-grained,  sharp,  very  flat  on  grooved  side,  different  from  any  wheats  now 
known."     Am.  Antiq  ,  1880.  66. 

The  carbonized  grains  in  the  Peabody  Museum  at  Cambridge,  Mass.,  are  small. 

^*  Prehistoric  Times  as  illustrated  by  Ancient  Remains  and  the  manners  and 
customs  of  modern  savages,  hj  John  Lubbock,  Bart.,  (New  York),  4th  edn., 
1886. 

"  Three  varieties  of  wheat  were  cultivated  by  the  Lake  Dwellers,  who  also 
possessed  two  kinds  of  barley  and  two  of  millet.  Of  these  the  most  ancient  and 
most  important  were  the  six-rowed  barley  and  small  "Lake  Dwellers'"  wheat 
The  discovery  of  Egyptian  wheat  {Triticum  turgidum),  at  Wangen  and  Roben- 
hausen,  is  particularly  interesting.  Oats  were  cultivated  during  the  bronze  age, 
but  are  absent  from  all  the  stone  age  villages      Rye  was  also  unknown,"  p.  216. 

**  Wheat  is  most  common,  having  been  discovered  at  Merlen.  Moosseedorf  and 
Wangen.  At  the  latter  place,  indeed,  many  bushels  of  it  were  found,  the  grains 
being  in  large  thick  lumps.  In  other  cases,  the  grains  are  free,  and  without 
chaff,  resembling  our  present  wheat  in  size  and  form,  while  more  rarely  they  are 
still  in  the  ear."     115  species  of  plants  have  been  identified.     Heer.  Keller. 

**  Les  Planies  Poiageres,  Vilmorin,  Parie.  Translated  mto  EngUsh  under  the 
direction  of  W.  Robinson,  Editor  of  the  (London)  •'  Garden,"  1885,  and  entitled 
The  Vegetable  Garden. 

'«  1.  c,  English  Edn.,  p   104. 

'"  .\ooording  to  notes  made  by  Mr.  Manning.  Sec.  Massachusetts  Horticultural 
Society,  (Hist.  Mass.  Hort.  Society)  the  tomato  was  introduced  into  Salem,  Mass., 
about  1802  by  Michele  Police  Corne,  an  Italian  painter,  but  he  found  it  difficult  to 
persuade  people  even  to  taste  the  fruit  (Felt's  Aunals  of  Salem,  vol.  ii,  631).  It 
was  said  to  have  been  introduced  into  Philadelphia  by  a  French  refugee  from 
San  Domingo  in  1798.  It  was  used  as  an  article  of  food  in  New  Orleans  in  1812 
but  was  not  sold  in  the  markets  of  Philadelphia  until  1829.  It  did  not  come 
into  general  use  in  the  north  until  some  years  after  the  last  named  date. 

***  *•  In  Spain  and  those  hot  regions,  they  use  to  eat  the  (Love)  apples  prepared 
and  boiled  with  pepper,  salt,  and  olives ;  but  they  yield  very  little  nouri.shment 
to  the  bodies,  and  the  same  nought  and  corrupt.  Likewise  they  doe  eat  the 
apples  with  oiie,  vinegar,  and  pepper  mixed  together  for  sauce  to  their  meat  even 
as  we  in  these  Cold  Countries  do  Mustard."  Gerard's  Herbal.  346. 
^  *•  Commercial  Botany  of  the  Nineteenth  Century.  By  John  R.  Jackson,  A.L.S. 
Cassell  and  Company,  London,  1 890. 
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Ur  Jaf^ksoD,  who  \%  the  Curator  of  the  Museams,  Royal  Uardeiia.  Kew.  fan 
embodied  io  tbie  treatise  a  great  BmounC  of  valuable  intormatioD,  weU  arranged 
for  readj  reference, 

"  Department  0/  Agriculture  Report  for  1B70,  p.  404-*I8.  Only  those  are  here 
copied  from  Sr.  Palmer's  list  which  he  expressly  MateB  are  eitenaivelj'  used. 

Ground-nut  (,i4pio«  tuberoaa);  Aeacnlu)  Cali/ornica;  Agave  Amrrieana;  Auptat 
adtwna ;  Prairie-poialo,  (Pioralea  tKulenldJ :  Seirput  laeua^it;  Sagitlaria  varia- 
biii) ;  'Kamaae-Toot  ( CamaMia  aculenta) ;  Solanum  Ferullfrt  (tappiiied  by  him  to 
tie  Ibe  oH|^nal  of  the  cultivalod  potato);  Aeorus  of  various  sort;  Mesquits, 
(Algnrobia  glanduhsa);  Juniperus  ocddenialis;  Kuta  of  Carya,  Jugiana,  etc; 
Screw-lwfln  (Sirombocarpua  ptibeecena] ;  varioiia  Cactacete;  Fttecn;  Cherriea  awl 
many  wild  berries;   Chtnopodium  album,  etc. 

Psoralea  eaaiienta  =  prairie  potato,  or  Bread-root.  Palmer  Id  Af^  Report 
1870,  p.  102. 

The  [ollowiDp  from  Catlin.  1.  c.,  i,  p.  122; 

"Corn  and  dried  meat  are  generally  laid  in  the  fall,  in  sufficient  qiuntitiea  to 
support  Ihem  through  tlic  winter.  Tlieae  lire  the  principal  articles  of  food  during 
that  long  and  inclement  season ;  and  in  addition  to  them,  they  ofteDtitnes  hive 
in  store  great  quauliliex  of  dried   eqiiashes,  and  dried   'pommes   blanches,'  a 

kind  of  turnip  which  grows  in  )p^at  abundance  in  those  regions These 

are  driod  in  great  quantilieB  and  pounded  inlo  a  sort  of  meal  and  cooked  vilb 
dried  meat  and  corn.  Great  quantities  uiso  are  dried  and  laid  away  in  store  for 
tbe  winter  season,  such  us  buffalo  berries,  service  berrie*,  atrawberries,  and  wild 
plums." 

"  In  addition  lo  this  we  had  the  luiury  of  Bervice  berries  without  sdnt;  mi 
the  buffalo  bushes,  which  are  peculiar  to  these  northern  regions,  lined  the  banks  of 
the  river  and  the  detiles  in  the  bluffs,  sometimes  for  miles  together,  forming  almogl 
impassible  hedges,  so  loaded  with  the  weight  of  their  fruit  thai  their  bougiut  everj- 
where  gracefully  bending;  down  or  resting  on  the  ground.  This  last  shrub  (Shtp- 
kerilia),  which  may  be  said  lobe  tbe  most  Geautiful  ornament  that  decks  out  tbe  wild 
prairies,  forms  a  striking  contrast  to  the  re!<t  of  the  foliage,  from  the  blue  appear- 
ance of  its  leaves  by  which  it  can  be  distinguished  for  miles  in  distance.  The 
fruit  which  it  produces  in  such  incredible  profusioti.  hanging  in  clusters  lo  every 
limb  and  to  every  twig,  is  about  the  size  of  ordinary  currants  and  not  unlike 
them  in  color  and  even  in  flavor;  being  exceeding  acid,  almost  unpalatable  until 
they  are  bitten  by  frost  of  autumn,  when  they  are  sweetened  and  their  flavor 
delidous,  having  to  the  taste  much  the  cliuracter  of  grapes,  and  I  am  almoel  to 
think  would  produce  eicellent  wine."     George  Catlik's  Illualralinru  and  mm- 
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Rakkio, — Bulbs  of  Allium  Bakeri,  boiled  in  Shogu. 

Grated  Wasabi, — Stem  of  Eutrtsma  Wasabi. 

Water-cress. — Midzu-tagarashi  (not  often). 

Alrfo  sometimes  pickled  greens  of  various  kinds,  and  occasionally  chestnut- 
kernels  boiled  and  mijced  with  a  kind  of  sweet  sauce. 

Nut  of  the  Ginkgo  tree. 

Several  kinds  of  seaweeds  are  also  very  commonly  served  with  the  rice.  Pro- 
fessor C.  0.  Georgeson  in  letter. 

**  1  c.     Preface  in  English  Edition. 

**  "Carbonized  apples  have  been  found  at  Wangen,  sometimes  whole,  some- 
tinoes  cut  in  two.  or,  more  rarely,  into  four  pieces  and  evidently  dried  and  put 

aside  for  winter  use They  are  small  and  generally  resemble  those 

which  still  grow  wild  in  the  Swiss  forests :  at  Robenhausen,  however,  specimens 
have  occurred  which  are  of  larger  size,  and  probably  cultivated.  No  trace  of  the 
vine,  the  walnut,  the  cherry,  or  the  damson  has  yet  been  met  with,  but  stones  of 
the  wild  plum  and  the  Pi  units  padus  have  been  found.'*    Lubbock,  /.  c,  p.  217. 

**  Animals  and  Plants  under  DoinesUcaUon  (Am.  Edn.),  vol.  ii,  p.  205-209. 

*<  American  Garden,  N.  Y.     1890-91. 

^  American  Garden,  N.  Y.     1891. 

*«»  Useful  Native  Plants  of  Australia,  by  J.  H.  Maiden,  Sydney. 

*•  The  Flowers  of  Japan  and  the  Art  of  Floral  Arrangement.  By  Josiah  Con- 
deb,  F.R.I.B.A.,  Architect  to  the  Imperial  Japanese  Government.  Yokohama, 
1891.  See  also  two  other  works  by  the  same  author:  Theory  of  Japanese  Flower- 
arrangements,  and  Art  of  Landscape-gardening  in  Japan.    (1886.) 

**  Mr.  Samuel  Dixon's  list  is  in  vol.  viii  (for  1884-85)  of  the  Transactions  and 
Prooitdings  and  Report  of  the  Royal  Society  of  South  Australia.  Adelaide,  G.  Rob- 
ertson. 1886. 

Bursaria  spinosa,  "  a  good  stand-by,"  after  the  grasses  dry  up. 

Pomaderris  racemosa,  "  stands  stocking  well." 

Piiiosporum  phyllaeroides.  "  sheep  exceedingly  partial  to  its  foliage." 

Casuarina  quadrivalvts,  "tenderness  of  fiber,  wool  would  be  represented  by  it 
in  our  finer  wool  districts." 

Acacias,  The  Wattles.  '*  Value  as  an  astringent,  very  great,"  being  curative  of 
a  malady  often  caused  by  eating  frozen  grass. 

Acacia  aneura  (mulga).  'Must  be  very  nutritious  to  all  animals  eating  it." 
This  is  the  plant  which  is  such  a  terror  to  the  stockmen  who  have  to  ride  through 
the  '*  scrub." 

Ccusia,  some  of  the  species  with  good  pods  and  leaves  for  sheep. 

The  foregoing  are  found  in  districts  which  are  not  wholly  arid. 

The  following  are.  more  properly,  "  dry  "  plants. 

Sida  petrophila,  "as  much  liked  by  sheep  as  by  marsupials." 

Dodonaea  viscosa,  Native  Hop-bush.     ''  Likes  warm,  red,  sandy  ground," 

Lycium  auatrale,  '*  Drought  never  seems  to  affect  it." 

Kochia  aphylla :  "  All  kinds  of  stock  are  often  largely  dependent  on  it  during 
protracted  droughts." 

Rhagodia  parabolica :  "  Produces  a  good  deal  of  foliage." 

Atriplex  vesicaria:  *'Can  be  readily  grown  wherever  the  climate  is  not  too 
wet." 

I  have  transferred  only  those  which  Mr.  Dixon  thinks  most  worthy  of  trial. 
Compare  also  Dr.  Tasey's  valuable  studies  of  the  plants  of  our  dry  lands,  espec- 
ially Grasses  and  Forage  plants  (1878),  Grasses  of  the  arid  districts  of  Kansas, 
Nebraska,  and  Colorado  (1886).  Grasses  of  the  South  (1887. 

*^  The  weeds  of  German  gardens  and  agricultural  lands  are  mostly  from  Medi- 
terranean regions,  but  the  invasions  in  the  uncultivated  districts  are  chiefly  from 
America,  (such  as  Oenothera,  Mimulus,  Rudheckia).  Handbuch  der  Pfianzengeo- 
graphte,  von  Dr.  Oscar  Drude.  (Stuttgart).  1890,  p.  97. 

"  The  list  of  economic  plants  published  by  the  Department  in  Washington  ia 
remarkably  full,  and  is  in  every  way  creditable  to  those  in  charge. 

Am.  Jour.  Soi.— Thiud  Siiiies,  Vol.  XLII,  No.  250. — October,  1891. 
21 
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Art.  XXVIII. — On  the  Vitalityof  some  Anitual  Plants;  k 
Theo.  Holm.    (With  Plate  X.) 

The  curious  fact,  that  there  may  be  individDale  of  annaal 
species  of  which  the  life-time  is  not  limited  merely  to  one 
year,  has  been  noticed  by  eeveral  botanists.  Exceptions  of  th« 
kind  often  seem  to  be  nearly  accidental,  but  in  most  cases  tbev 
are,  however,  to  be  eongidered  as  doe  to  certain  external  fac- 
tors, as  for  instance  climate  and  soil  or  cultivation.  Indeed, 
the  number  is  not  very  small  of  the  species  in  which  a  fiuctua- 
tion  has  been  observed  from  being  annual  to  i>erenDiaI  or  at 
least  biennial  in  a  modified  sense,  as  well  as  of  tnose  for  which 
similar  intergradation-forms  have  been  recorded  betweeii  the 
biennial  on  the  one  side  and  the  annual  and  perennial  ones 
on  the  other, 

Irmisch*  mentions  for  instance,  that  Eckinospermum  Lap- 
pula.  which  is  usually  biennial  may  occur  as  aDnual,  having  al- 
ready developed  the  flowers  in  the  first  year ;  he  observed  that 
the  same  is  true  in  the  case  of  Hyoscyainiie  niger,  of  which 
even  the  annual  form  has  been  described  as  a  proper  species 
(H.  agreatie)  since  it  is  very  different  in  habit  from  the 
biennial  type.  The  same  author  has  also  observed,  that 
Hypejicum  /tumtfusum  and  Malva  neglecta  may  occur  at 
both  annual  and  perennial.  Sedum  annuum,  ivhich  has  been 
described  as  annual  by  Hartman,  Areschoug  and  filytt,  was 
observed  by  Warmingf  to  be  biennial,  and  even  tIJat  thii 
seemed  to  be  the  normal  for  this  plant. 

Hilitebraiid*  emiiiK*rati3S  eeveral  species,  which,  although  th^ 
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succeeded  in  finding  any  special  observationB  in  the  literatare, 
and  as  he  has  had  tne  opportanitj  of  obserying  a  few  cases  of 
that  kind,  they  seem  to  hkelj  to  be  of  some  interest,  at  least 
locally. 

Hypericum  nudicaule  Walt.  {H.  Sarothra  Michx.)  is  un- 
doubtedly typically  annual,  but  a  few  individuals  were,  how- 
ever, collected  late  in  the  fall,  which  seemed  to  prove  an 
exception.  The  base  of  one  of  these  specimens  is  figured  on 
plate  X,  fig.  1,  and  we  see  here  two  densely  leaved  branches 

Sroceeding  from  the  lower  part  of  the  stem,  and  probably 
eveloped  in  the  axils  of  the  cotyledons.  These  shoots  witli 
numerous  imbricate  leaves  might  be  supposed  to  be  able  to 
winter  over  and  in  the  following  year  to  give  rise  to  flowers ; 
the  root-system  in  these  individuals  was  unusually  strong,  show- 
ing not  only  a  primary  root,  but  also  a  few,  and  rather  strong, 
lateral  ones. 

Another  example  is  Delphinium  conaolida  L.,  which  as  far 
as  known  to  the  author  has  not  been  recorded  as  otherwise  than 
annual  in  Europe  and  here.  The  plant  is  rather  rare  in  the 
vicinity  of  Washington,  but  occurs  as  escaped  from  cultivation 
on  the  banks  of  the  Potomac.  It  was  observed  here  to  vary 
from  annual  to  perennial,  although  both  forms  were  growing 
together,  and  the  perennial  form  showed  a  strong,  persistent 

Enmary  root  and  several  flowering  stems,  besides  a  cluster  of 
uds  for  the  following  year. 

This  kind  of  variation  was  also  observed  in  Cyperus  flaves- 
cens  L.,  a  plant,  which  is  rather  common  in  wet  places  around 
Washington,  and^  I  have  sometimes  met  with  individuals, 
which  certainly  seemed  to  be  perennial.  One  of  these  is  fig- 
ured on  plate  X,  fig.  6,  and  shows  in  contrast  to  the  annual 
type  a  distinct  rhizome  with  creeping  stolons,  from  the  nodes 
of  which  several  strong  roots  proceed.  It  must  be  admitted 
that  this  specimen  shows  the  general  aspect  of  a  perennial, 
Btoloniferous  Cyperus^  able  to  give  rise  to  new  individuals  by 
a  vegetative  propagation.  Whether  this  species  has  been 
recoroed  as  perennial  also  in  other  countries,  I  do  not  know, 
but  Lange*  mentions,  however,  the  fact  that  he  has  collected 
the  plant  in  France,  where  some  specimens  showed  '^  tuberous 
stolons,"  and  therefore  questions  its  character  as  annual. 
Grenier  and  Godronf  have,  nevertheless,  described  the  plant 
as  merely  annual.  It  might  be  mentioned  here,  that  a  similar 
Variation  also  exists  in  Carex  cyperoides  L.,  which  under  normal 
conditions  is  truly  annual ;  Lange  states  (1.  c.  p.  118)  that  the 

geriodical  disappearance  of   this   plant  in    several   parts  of 
urope  has  been  explained  by  the  fact,  that  it  is  able  to  veg- 

*  Joh.  Lange:  Haandbog  i  den  danske  Flora.  1886-88,  p.  116. 
f  Grenier  et  Qodron :  Flore  de  France,  vol.  iii,  1855. 
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etate  for  several  years  withont  flowering,  if  the  localin 
becomeB  innndated.* 

It  eeeme  then,  that  this  ability  to  vai-y  among  Cyperacemii 
easy  to  explain,  although  it  may  not  he  a  necessary  eonsequeoee 
in  all  cases ;  our  sjiecimens  of  Cypems  were  observed  as  ocenr- 
ring  together  with  nnmeroiis  animal  individnale  and  under  the 
veiT  same  conditione. 

The  Orammea  may  nndonbtedly  ittclude  several  other 
species,  besides  the  cultivated  ones,  mentioned  by  Hildebrand 
(1.  c.)  in  which  this  same  variation  may  take  place.  Trayua  nic*- 
inoeuis  Hall,  represeote  at  least  the  same  case  as  that  of  Cypemt. 
It  has  always  been  considered  as  annual,  lately  by  Dr.  vasev,t 
although  some  specimens  in  U.  8.  National  herbarium  prove, 
that  it  can  also  occnr  as  perennial.  These  specimens  have 
long  stolons  above-ground  with  abundant  formation  of  leafy 
ehoote  at  each  node,  from  where  long  roots  are  also  developed. 
A  part  of  a  stolon  has  been  illnstrated  in  plate  X,  tig.  % 
where  we  see  not  only  the  crowded  shoots,  out  also  a  secoo- 
darj-  formation  stolons  (S).  All  these  shoots  were  developed 
in  the  axils  of  leaves,  belonging  to  the  stolons,  and  ttieT 
showed  besides  the  proper  leaves  also  the  characteristic  pn>- 
phyllum  (fig.  3).  This  small  leaf  had  a  rather  unusnal  shape 
than  otherwise  observed ;  it  was  not  only  distinctly  bicai^inate. 
but  showed  at  its  apex  two  long  teeth,  corresponding  to  thode 
of  an  ordinary  palet  (fig.  4).  A  transverse  section  (fig.  5)  of 
the  prophyllnm  shows  the  prominent  keels  and  the  very  thin 
margins,  besides  the  presence  of  not  only  two,  but  even  fis 
nerves,  those  of  the  keels  being  the  strongest. 

This  manner  of  growth  seems  to  be  rather  common  in 
North   American    Gramitnf,  especially  those,  which  ramifi 
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The  plant  illustrates  then  at  once  the  two  stages  of  a  bien- 
nial growth  :  the  leafy  roset,  which  will  winter  over,  and  the 
flowering  stems  from  a  similar  roset  of  the  preceding  year. 
The  age  of  this  specimen  is  at  least  three  years,  for  there  is  a 
distinct  stem-part  (S*)  to  be  seen  between  the  primary  root  and 
the  now  faded  roset  of  leaves.  This  part  of  the  stem  is  in 
contrast  to  the  upper  part  which  is  horizontal  and^  fixed  to  the 
ground  by  strong  roots  in  addition  to  the  persistent  primary 
one.  The  plant  has  undoubtedly  merely  developed  a  leafy 
reset  in  its  first  year,  when  the  seed  germinated,  probably 
flowered  the  secona  year  and  produced  the  stem-part  S*,  flow- 
ered again  in  the  third  year,  producing  contemporarily  a  shoot 
that  will  flower  next  year,  until  finally  an  inflorescence  will 
terminate  the  main  axis  and  the  entire  individual  die  away 
after  the  ripening  of  the  fruits. 

The  closely  allied  A.  lyrata  L.  has  been  mentioned  by  Hil- 
debrand  (1.  c)  as  being  annual  or  biennial.  It  occurs,  however, 
also  as  perennial,  and  most  commonly  so  in  the  Southern  United 
States.  I  have  collected  several  specimens  in  the  vicinity  of 
Washington,  which  were  all  decidedly  perennial,  and  most  of 
the  individuals  in  the  National  Herbarium  from  other  parts  of 
North  America  showed  the  same  fact.  Some  specimens  from 
Japan  were,  however,  annual,  with  flowers  and  leaves  devel- 
oped in  the  first  year  and  at  the  same  time.  The  perennial 
form  shows  nearly  the  same  habit  as  above  described  for 
A.  dentatay  but  commonly  with  a  profuse  development  of 
lateral  leafy  shoots  together  with  the  inflorescences,  so  that  the 
life  is  secured  for  a  considerably  longer  time  than  in  the  pre- 
ceding species. 

That  also  Arabis  Icemgata  Poir.  may  occur  as  perennial  has 
been  recorded  by  Hildebrand  (1.  c),  but  without  data ;  Gray 
has  considered  this  species  as  truly  biennial,  in  which  form  it 
occurs  exclusively  around  Washington,  where  it  is  very  abun- 
dant. 

Washington,  D.  C,  July  2  2d,  1891. 

EXPLANATION  OF  PLATE  X. 

Flo.  1. — Hypericum  nvdicaule.    The  base  of  the   stem,   showing  two  densely 

leaved  shoots.     Natural  size. 
yio.  2. — Tragtta  racemosus.     Part  of  a  stolon  A-A,  with  secondary  branches  S 

and  several  crowded  shoots.     Natural  size. 
Fio.  3. — Same.    Part  of  a  stolon,  showing  two  leafy  shoots  in  the  axils  of  two 

leaves,  belonging  to  the  stolon.    P,  the  prophyllum.    Slightly  enlarged. 
Fig.  4, — Same.    The  prophyllum ;  rf,  side,  and   6,  back  view. 
Fig.  6. — Same.    Transverse  section  of  the  prophyllum. 
Fig.  6. — Cyperua  Jlavescens.    The  base  of  a  perennial  specimen,   showing  the 

stolons.     F,   the  base  of  the  flowering  stem.     Natural  size. 
Fig.  7. — Arabis  dentaia.    The  base  of  the  plant,  showing  the  primary  root  (R) 

and  some  secondary  ones  (r).     L,  L'  and  L^  indicate  the  leafy  rosets 

of  Ist,   2d  and  3d  year.     F,    the  lower  part  of  flowering  stems. 

Naturid  size. 
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Art.  XXIX. — A  Method  for  the  Separation  vf  Antimony 
from  Arsenic  hy  the  Simultaneous  Action  of  aydrochhn^ 
and  Hydriodic  Acids;  by  F.  A.  GoocH  and  E.  W. 
Dasseb. 

[CoDtributlopa  from  the  Eent  Chemical  Laboratorj  of  Yale  College — IX.] 

A  METHOD  for  the  eeparation  of  arsenic  from  autioioDy 
based  upon  tbe  difference  in  volatility  of  tlie  lower  chlorides 
was  introduced  originally  by  Fischer.*  This  method  of  treai- 
inent  consisted  in  the  reduction  of  the  chlorides  by  mean^  of 
ferrous  chloride  and  the  volatilization  of  the  arsenic  by 
repeated  distillationB  of  tbe  mixture  with  hydrochloric  acid  of 
twenty  per  cent  strength  added  in  BiiccesBive  portions.  The 
process  has  been  subsequently  modified  by  Hufechmidti-  bv 
the  BubEtitntion  of  gaseous  hydrochloric  acid,  introdnced  in 
continuous  current  into  the  distilling  mixture,  for  the  aqneoti^ 
acid,  and  later  chanced  further  ana  improved  by  Classen  and 
Ludwig,:!:  who  employ  ferrous  sulphate,  or  ammonio-ferrom 
Bulphate,  in  place  of  the  less  easily  prepared  ferrous  chloride. 
In  its  latest  form  the  method  is  exceedingly  exact,  but  the  con- 
ditions are  such  that  the  antimony  in  the  residue  must  l)e 
determined  gravimetrically.  It  has  been  onr  endeavor  tow 
arrange  the  ]>rocess  that  the  determination  of  the  antimoiiv 
may  be  made  by  a  rapid  volumetric  method,  and  this  we  hs« 
attempted  to  accotnplisb  by  substituting  for  the  iron  salt. 
which  utterly  precludes  the  direct  volumetric  eslimation  of  the 
antimony,  another  reilii(i.T — liytlrimlic  aeii! — wliit-!i  can  inttr- 
dutermiiiatioii  vi  tLi' 
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(added  in  the  form  of  tartar  emetic)  was  retained  entirely  in 
the  residue  under  similar  conditions  of  treatment.  Moreover, 
it  appeared  that  this  action  could  be  brought  about  in  solutions 
measuring  no  more  than  100  cm.*  at  the  beginning  and  no  less 
than  50  cm.*  at  the  end  of  the  distillation,  so  that  a  very 
considerable  saving  of  time  over  that  demanded  by  the  process 
of  distillation  as  left  by  Classen  and  Ludwig  could  be  effected. 
Accordingly  we  proceeded  to  test  the  action  of  the  hydriodic 
acid  quantitatively,  following  the  same  general  lines.  The 
distillation-apparatus  consisted  of  a  flask  of  250  cm.*  capacity, 
provided  with  a  hollow  glass  stopper  tightly  fitted  in  a  ground 
loint,  the  stopper  itself  being  sealed  upon  a  large  glass  tube 
bent  suitably  to  connect  the  interior  of  the  flask  with  an 
upright  condenser,  while  through  the  hollow  stopper,  and 
sealed  into  it,  passed  a  smaller  glass  tube  reaching  nearly  to 
the  bottom  of  the  flask.  The  arrangement  was  such  that  a 
current  of  gas  entering  the  smaller  tube  would  pass  nearly  to 
the  bottom  of  the  flask  and  then  out  through  the  hollow  stop- 
per into  the  condenser  without  meeting  joints  of  rubber  or 
cork.  Into  this  flask  was  weighed,  for  the  experiments  of 
Table  I,  about  a  half  gram  of  carefully  recrystallized  tartar 
emetic,  and  a  half  gram  of  pure  di-hydrogen  potassium 
arseniate  and  a  gram  of  potassium  iodide  were  added  in 
concentrated  solution,  the  volume  of  liquid  being  made  up  to 
100  cm.'  by  the  addition  of  strong  hydrochloric  acid.  A  brisk 
current  of  hydrochloric  acid  gas  was  passed  into  the  solution 
through  the  tube  sealed  into  the  glass  stopper  of  the  flask 
until  complete  saturation  was  effected,  and  then  the  liquid  was 
heated  and  distilled  in  the  continuous  current  of  hydrochloric 
acid  gas  until  the  volume  of  30  cm.'  was  reached.  Iodine  was 
evolved  as  soon  as  the  liquid  became  warm  and  the  greater 
part  of  it  passed  into  the  distillate  with  the  first  10  cm.* 
When  the  final  concentration  was  reached  the  solution  was  in 
each  case  colorless,  but  on  cooling  there  appeared  in  one  of 
the  two  experiments  of  this  set  a  pale  yellow  tint  which  van- 
ished with  the  dilution  involved  in  the  transfer  and  washing 
from  the  flask  previous  to  titration.  The  addition  of  starch  to 
the  cooled  and  diluted  liquid  developed  no  color.  To  the 
liquid  were  added  1  grm.  of  tartaric  acid,  to  keep  the  antimony 
in  solution  during  subsequent  treatment,  sodium  hydrate 
nearly  to  neutrality,  and  hydrogen  sodium  carbonate  in  excess 
amounting  to  about  20  cm.*  of  the  saturated  solution ;  and  the 
antimonious  oxide  in  solution  was  titrated  by  decinormal  iodine 
standardized  against  tartar  emetic.  The  details  of  these  exper- 
iments are  given  in  Table  I. 

In  Table   II   are   comprised   the  accounts   of  experiments 
similar  in  general  to  those  of  Table  I,  excepting  that  the  final 
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volume  after  conceDtration  was  a  little  more,  and  the  antimony 
was  in  every  caee  oxidized  in  alkaline  eolntion  b;  Btandara 
iodine  previone  to  the  introduction  of  hydrochloric  acid  and 
distillation. 

Table  III  includes  the  records  of  experiments  sitnilar  in 
every  respect  to  those  of  Table  II  excepting  that  as  starch 
showed  a  slight  color  in  the  cooled  liqnid  after  distillation,  the 
solution  was  treated  with  an  excess  of  salphDrons  acid  which 
was  enbsequently  oxidized  exactly  by  standard  iodine  previous 
to  nentraltzatioD  and  the  final  titration. 
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excepting  those  of  Table  III,  starch  gave  no  test  for  free 
iodine  in  the  diluted  liquid,  though  it  must  not  be  overlooked 
that  the  presence  of  a  considerable  amount  of  hydrochloric 
acid  tends  to  impair  the  delicacy  of  the  test.  If,  on  the  other 
hand,  the  color  is  not  due  altogether  to  free  iodine  it  is  diflScult 
to  account  for  its  development  unless  it  is  caused  by  the  for- 
mation of  antimonious  iodide  as  the  solution  of  strong  hydro- 
chloric containing  also  hydriodic  acid  cools.  On  the  whole, 
we  are  inclined  to  attribute  at  least  a  part  of  the  apparent 
deficiency  to  the  presence,  at  the  time  of  neutralization,  of  a 
small  amount  of  iodine  chloride,  which,  in  accordance  with 
what  is  known  of  its  modes  of  formation,  might  be  formed  by 
the  oxidizing  effect  of  the  antimonic  and  arsenic  oxides  upon 
the  mixed  acids.  At  all  events,  it  is  evident  that  if  iodine 
chloride  were  present  we  should  expect  to  note  the  phenomena 
which  we  do  see ;  it  would  give,  in  small  quantity,  little  or  no 
color  to  the  liquid,  would  not  show  the  starch  reaction  for  free 
iodine  in  the  acid  solution,  and  would  be  destroyed  with  the 
formation  hydrochloric  and  hydriodic  acids  by  the  addition  of 
sulphurous  acid  to  the  still  acid  liquid,  leaving  the  antimony 
unchanged  and  determinable  iodometrically  in  alkaline  solution 
after  the  exact  oxidation  of  the  excess  of  sulphurous  acid  by 
iodine  in  acid  solution ;  on  the  other  hand,  it  would  act  in  alka- 
line solution  like  the  free  halogens  and  tend  to  diminish  the 
antimony  indicated  by  titration.  Whatever  the  real  cause  or 
causes  of  the  deficiency  may  be,  it  appears  in  the  results  of 
Table  III  that  the  treatment  with  sulphurous  acid  affects  the 
indications  favorably.  The  mean  error  of  three  closely  agree- 
ing determinations  is  0*0006  grm. — and  this  is  plainly  within 
the  limits  of  allowable  variation  in  iodometric  work  with 
decinormal  solutions. 

It  appears,  therefore,  that  hydriodic  acid  may  be  made  to 
serve  satisfactorily  as  a  substitute  for  the  ferrous  chloride  of 
Fischer's  original  method,  or  for  the  ferrous  sulphate  of  the 
modification  of  Classen  and  Ludwig,  the  determination  of  the 
residual  antimony  being  perfectly  practicable.  The  method  of 
proceeding  which  we  aavocate  is  briefly  summarized  in  the 
following  statement :  To  the  solution  of  the  oxides  of  arsenic 
and  antimony,  taken  in  amounts  not  exceeding  0*5  grm.  of 
each,  potassium  iodide  is  to  be  added  in  a  little  more  than  the 
equivalent  quantity,  and  enough  strong  hydrochloric  acid  to 
raise  the  entire  volume  of  the  solution  to  100  cm.*  Hydro- 
chloric acid  gas  is  passed  into  the  liquid  to  saturation  as  well  as 
during  the  distillation  to  follow,  and  the  distillation  is  carried 
on  until  the  volume  of  the  liquid  decreases  to  50  cm.'  or  a 
little  less.  The  liquid  is  cooled  rapidly,  treated  first  with  an 
excess  of  sulphurous  acid  and  then  with  iodine  to  the  exact 
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oxidation  of  the  former  reagent ;  and,  after  the  addition  of 
1  grm.  of  tartaric  acid  to  every  0  2  grm.  of  antimonione  oxide, 
the  acid  present  is  nearly  neutralized  with  sodium  hydrate,  the 
neutralization  being  completed  by  hydrogen  sodinm  carbonate 
added  in  excess  to  an  amount  eorrespondiug  to  10  cm.'  of  the 
saturated  solution  for  every  0"1  prm.  of  antimonious  oxide 
present.  Titration  with  decinormal  iodine  standardized  against 
tartar  emetic  gives  the  antimony  quickly  and  with  a  fair  degree 
of  accuracy.  The  whole  process  requires  about  an  hour  and  a 
half  for  completion. 


Art.  XXX. — Notes  on  AUotroi-ic  Silver  ;  by  IL  Carey  Lea. 

Rdationa  of  the  Yelloic  to  the  Bhie  Forms. — The  gold-and 
copper-colored  forms  on  the  one  hand,  and  the  blue,  bluish- 
green  and  steel-gray  on  the  other  hand  stand  in  close  relations 
to  each  other.  In  previous  papere  there  has  been  described  a 
erj-stalline  state  intermediate  between  these  active  forms  and 
ordinary  silver,  which  intermediate  condition,  while  retaining 
the  bright  yellow  color  of  the  active  form  is  nearly  as  indif 
ferent  to  reagents  ae  ordinary  silver.  Into  this  intermediate 
state  both  the  yellow  and  blue  forms  are  capable  of  passing. 
and  apparently  the  intennediate  states  of  botli  kinds  of  allo- 
tropic  silver  are  identical :  t/ie  interme^Iiate  form  of  hhie  stiver 
is  yellow.  Thus  when  lum])s  of  blue  silver  are  heated  in  » 
test  tube  to  alxiut  ISO"  C.  they  assume  a  gold  color  and  lustt'r. 
The  same  change   takes  place  at  the  same  temperature  when 
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color.  (It  is  always  a  little  difficult  to  characterize  these  sub- 
stances by  their  colors  since  the  surface  color  which  they  show 
when  dry — either  in  mass  or  in  films — is  mostly  complement- 
ary to  their  color  when  wet.  As  the  surface  color  is  much  the 
more  characteristic,  I  Ijave  adopted  the  course  of  naming  them 
by  that.) 

The  behavior  of  the  red  solution  obtained  by  soda  and 
dextrine  with  dilute  sulphuric  is  very  interesting  and  instruc- 
tive. When  100c.c.,of  solution  are  poured  into  100  c.c.  of 
water  to  which  3  c.c.  of  sulphuric  acid  have  been  previously 
added,  a  dark  red  precipitate  falls,  which,  when  dry,  especially 
in  films,  is  blue.  The  mixed  liquid  from  which  the  precipi- 
tate is  formed  is  acid.  Increasing  the  proportion  of  acid  to  4, 
5  and  6  c.c.  successively,  the  substance  obtained  has  a  green 
surface  color  becoming  more  yellowish  green  in  proportion  as 
the  acid  is  increased  in  quantity.  With  7J  c.c.  the  substance 
no  longer  dries  green  but  yellow.  Increased  proportions  of 
acid  produce  substances  drying  with  a  coppery  shade. 

It  will  be  seen  that  from  a  single  solution,  and  using  one 
substance  only  as  a  precipitant,  we  can  obtain  the  whole  range 
of  different  forms  of  allotropic  silver,  by  simply  varying  the* 
proportions  of  the  precipitant. 

That  these  forms  of  silver  should  subsist  in  the  presence  of 
sulphuric  acid  in  excess  is  remarkable.  For  the  most  part  the 
presence  of  this  acid  tends  to  quickly  convert  allotropic  to 
ordinary  silver.  For  example,  bright  yellow  allotropic  silver 
obtained  with  ferrous  tartrate  was  washed  on  a  filter  with 
water  containing  1/500  its  volume  of  sulphuric  acid :  in  two 
or  three  hours  the  entire  mass  was  converted  into  gray  ordinary 
silver. 

It  is  observable  that  the  substances  precipitated  with  the 
least  acid,  have  a  very  splendid  luster,  and  that  this  luster 
diminishes  steadily  as  the  proportion  of  acid  is  increased.  Up 
to  6  c.c-  to  100  tfee  effect  is  hardly  noticeable,  after  that  it  be- 
comes more  marked. 

But  we  can  also  obtain  the  converse  of  this  reaction.  Just 
as  the  solution  which  naturally  would  yield  the  blue  product, 
can  be  made  to  yield  the  yellow  by  the  presence  of  excess  of 
strong  acid,  so  the  solution  which  normally  yields  the  yellow 
substance,  may  be  made  to  produce  blue  (or  rather  green) 
silver  by  adding  alkali.  Thus  a  mixture  of  dilute  solutions  of 
ferrous  sulphate  and  of  Rochelle  salt  added  to  mixed  solutions 
of  silver  nitrate  and  of  Rochelle  salt,  results  in  the  formation 
of  gold-colored  silver.  But  if  we  add  a  little  sodium  hydrox- 
ide, either  to  the  iron  solution  or  the  silver  mixture,  we  shall 

5t  a  bluish  green   product,   whose  properties  show  that  it 

dongs  to  the  blue  class  and  not  to  the  yellow.     Even  if  a 
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solution  of  the  hvdroxide  is  added  immedititely  after  the  iron 
Golntion  has  been  poured  into  the  eilver,  the  result  is  the  same. 

There  is  therefore  a  well  marked  tendency  of  acide  to  give 
rise  to  the  formation  of  the  yellow  product  and  of  alkalies  to 
the  blue.  But  this  is  a  tendency  only.  Both  substances  can 
be  produced  from  neutral  solutions,  and  slight  changes  are 
sufficient  to  alter  the  product  formed.  Thus,  ferrous  tartrate, 
in  dilute  solution  acting  on  Bilver  tartrate  gives  rise  to  the  for- 
mation of  the  gold-colored  substance,  but  wheu  citrates  are 
substituted,  thelalne  substance  is  obtained. 

Production  of  AUotropic  Silver  hy  Inorganic  Subataneei.— 
For  reasons  which  will  be  mentioned  presently,  the  reduction 
of  silver  must  take  place  gradually  to  produce  the  allotropic 
form,  and  for  a  time  it  seemed  an  invariable  coDdition  that  an 
organic  substance  of  some  sort  should  be  present.  This,  how- 
ever, proves  not  to  be  essential.  In  a  paper  presented  to  the 
Ameiican  Academy  and  kindly  read  for  me  by  Professor 
Remsen  at  the  meeting  in  April  last,  I  alluded  briefly  to  having 
found  a  reaction  depending  upon  inorganic  agents  only.  It  is 
as  follows:  Sodium  hypophospliite  added  to  silver  nitrate  does 
not  effect  reduction,  but  when  hypopliosphorous  acid  is  set 
free  by  the  addition  of  phosphoric  acid,  a  red  coloration 
appears,  indicating  the  presence  of  allotropic  silver.  The 
coloration  is  transitory,  no  doubt  because  of  the  strong  ten- 
dency of  free  mineral  acids  to  convert  allotropic  to  normal 
silver,  but  red  and  blue  stains  form  on  the  sides  of  the  vessel. 

Phosphorous  acid  gives  similar  results,  though  perhaps  less 
well  marked. 

Action  of  Light  on  Blue  Silver. — This  action  differs  witli 
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being  accepted.  The  action  is  very  easily  shown  by  exposing 
a  film  of  the  substance  to  light,  covering  part  of  the  surface 
with  an  opaque  screen.  After  twenty  or  thirty  minutes  of 
exposure  to  strong  summer  sunshine,  the  film  may  be  plunged 
into  a  one  per  cent  solution  of  potassium  ferridcyanide,  when 
the  part  exposed  colors  much  sooner  and  more  strongly  than 
that  which  was  covered.  The  effect  is  shown  still  better  by 
placing  the  film  in  a  frame,  covering  part  with  paper  rendered 
absolutely  opaque  by  coating  it  with  thick  tin  foil,  part  with 
translucent  paper  (thick  white  writing  paper  or  verv  thin 
brown  paper)  and  leaving  part  wholly  exposed.  After  four  or 
five  hours  action  of  strong  summer  sunshine,  the  film  is  to  be 
treated  with  weak  ferridcyanide.  The  part  wholly  exposed 
having  passed  into  the  gold-colored  crystalline  condition  (if 
the  exposure  has  been  suflicient)  is  wholly  unacted  upon,  the 
part  covered  by  the  translucent  paper  is  rapidly  attacked,  that 
wholly  protected  is  attacked  slowly.  So  that  the  portion 
moderately  acted  on  by  light  has  very  markedly  increased  in 
sensitiveness  thereby. 

It  follows  that  upon  this  form  of  silver  li{^ht  has  a  reversiiig 
action^  first  exalting  its  sensitiveness,  then  completely  destroy- 
ing^ it. 

It  is  impossible  to  overlook  the  analogy  which  exists  between 
this  action  of  light,  and  that  which  light  exerts  on  silver 
bromide. 

The  latter  substance  though  incomparably  more  sensitive  to 
light,  is  subject  to  the  same  reversing  action,  first  gaining  in 
sensitiveness  to  reducing  agents  and  then,  bv  continued  expos- 
ure, becoming  less  sensitive  than  originally,  a  change  com- 
monly known  as  solarization. 

Causes  determinina  whether  in  the  reduction  of  Silver^ 
the  AUotropic  or  th^  formal  f&rm  shall  he  pj'oduoe^, — I  have 
examined  the  phenomena  connected  with  the  reduction  of 
silver  under  a  great  variety  of  conditions.  These  for  the  most 
part  do  not  deserve  particular  mention  but  seem  to  lead  up  to 
this  generalization  :  that  the  reduction  of  silver  may  be  direct 
or  indirect,  direct  when  it  passes  from  the  condition  of  the 
normal  salt  or  oxide  to  that  of  the  metal,  indirect  when  the 
change  is  first  to  sub-oxide  or  to  a  corresponding  sub-salt.  So 
far  as  my  observation  has  gone  when  the  reduction  is  direct 
the  reduced  silver  always  appears  in  its  ordinary  form.  But 
when  the  reduction  is  indirect  the  silver  presents  itself  in  one 
of  its  allotropic  states. 

The  following  reactions  support  this  view. 

Three  of  the  principal  modes  of  formation  of  allotropic 
silver  are  :  (1)  reauction  of  silver  citrate  or  tartrate  by  ferrous 
citrate  or  tartrate;  (2)  acting  on  silver  nitrate  or  oxide  by 
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dextrine  and  fixed  alkaline  hydroxide ;  (3)  actinj;  on  Bilver 
Bitrate  or  carbonate  by  tannin  and  fixed  alkaline  carbonate. 
Now,  if  in  either  of  these  three  cases  we  interrupt  the  action 
before  it  is  complete  by  adding  an  excess  of  dilute  hydro- 
chloric acid  we  shall  obtain  a  dark  chestnut-brown  or  some- 
times purple-brown  Bnbstance  which  on  examination  proves  to 
be  a  mixture  of  silver  subchloride  and  photocbloride.  When, 
after  complete  removal  of  the  excess  of  hydrochloric  acid  by 
thorough  washing  or  better  by  boiling  with  distilled  water,. tlie 
substance  is  treated  with  cold  dilute  nitric  acid  that  portion  of 
the  sub-chloride  which  is  not  combined  with  the  normal 
chloride  is  broken  up  and  there  remains  photocbloride  of  a 
very  rich  and  intense  rose-color.* 

The  production  of  silver  sub-chloride  in  all  these  cases 
would  seem  to  indicate  that  the  reduction  when  the  acid  was 
added  was  incomplete,  and  that  in  case  (1)  a  sub-salt,  and  in 
cases  (2)  and  (3)  a  sub-oxide  was  first  formed  as  an  intermediate 
step  before  complete  reduction.  Either  of  these  substances 
would  of  course  give  rise  to  the  formation  of  sobchloride 
when  treated  with  hydrochloric  acid.  It  is  important  to  ob- 
serve that  this  result  is  to  be  obtained  only  by  interrupting  the 
reaction  before  it  is  complete.  When,  for  example,  allotropie 
silver  in  solution  is  produced  by  the  action  of  eodic  hydroxide 
and  dextrine  and  after  cnmnlete  reduction,  hydrochloric  acid  ii 
added,  the  liquid  becomes  ailed  with  gray  normal  silver,  which 
presently  collects  to  a  cake.  When  this  cake  is  well  waslted 
and  boiled  with  water,  and  then  treated  with  dilute  nitric  acid, 
olution  takes  place :  a  trace  of  photocbloride  is  left  behind. 
It  has  been  mentioned  elsewhere  that  hydrochloric  acid, 
though  without  action  on  oi-dinary  silver,  is  capable  of  form- 
ing a  variable  quantity  of  protochloride  when  placed  in  contact 
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facts  that  would  support  this  view,  especially  the  very  rich  and 
varied  coloration  of  the  subsalts  corresponding  to  the  almost 
infinite  variety  of  color  of  allotropic  silver,  while  normal  salts 
of  silver  when  formed  with  colorless  acids  are  mostly  colorless. 
On  the  other  hand,  the  greater  activity  of  allotropic  silver  and 
its  less  specific  gravity  would  seem  to  indicate  a  simpler 
molecular  constitution  than  that  of  normal  silver. 


Art.  XXXI. — Structural  Geology  of  Steep  Rock  Lake^  On- 
tario ;  by  Henry  Lloyd  Smyth.    With  Plate  XL 

Geography. 

Steep  Bock  Lake  is  situated  in  the  Province  of  Ontario, 
Canada,  northwest  of  Lake  Superior  and  south  of  the  Can- 
adian Pacific  Railway.  It  lies  about  twenty-five  miles  east  of 
the  center  of  the  rough  quadrilateral  formed  by  the  Canadian 
Pacific  Railway  on  the  northeast,  the  Lake  of  the  Woods  on 
the  northwest,  the  United  States  boundary  on  the  southwest, 
and  the  shore  of  Lake  Superior  from  Pigeon  River  to  Port 
Arthur,  on  the  southeast.  As  given  on  the  map  of  the  Prov- 
ince, scale  1  inch  =  30  miles,  published  by  the  Crown  Lands 
Department,  Toronto,  1884,  the  geographical  position  of  the 
extreme  southern  point  of  the  lake,  where  it  receives  the 
waters  of  the  Aticokan  River  from  the  east,  is  about  lat.  48° 
52'  N.  and  long.  91°  30'  W.  from  Greenwich;  or,  it  is  about 
halfway  upon  the  map  between  Lac  des  Milles  Lacs  and  Rainy 
Lake. 

Topography. 

Steep  Rock  Lake  is  one  of  the  many  that,  collectively,  con- 
nected by  longer  or  shorter  links  of  river  make  up  the  River 
Seine  from  Island  Falls  as  far  as,  and  doubtless  below,  the 
Aticokan  River.  In  shape  the  lake  resembles,  as  shown  on 
the  map,  an  irregular  and  slightly  distorted  letter  M,  of  which 
the  western  or  left  arm,  (looking  north),  runs  north  and  south, 
and  the  eastern  or  right  arm  northwest  and  southeast.  This 
peculiar  form  is  closely  related  to  the  character  and  to  the 
structure  of  the  rocks  in  which  the  lake  lies  as  will  be  seen  in 
what  follows.  The  Seine  River,  after  a  beautiful  fall,  two 
hundred  feet  across,  and  forty  to  fifty  feet  high,  over  granite, 
some  three  hundred  yards  northeast  of  the  lake,  flows  into  it 
at  a  point  about  a  mile  southeast  of  the  northwest  extremity  of 
the  eastern  arm.  It  leaves  the  lake  at  the  extreme  southern 
end  of  the  western  arm.     Between  the  points  of  entrance  and 
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exit  there  is  no  current  observable  by  the  eye  and  the  differ- 
ence in  level  must  be  exceedingly  small. 

As  regards  dimensions :— from  the  southern  extremitv  of 
the  eastern  arm  to  the  mouth  of  the  river  near  the  Fails  Ie 
about  3^  miles;  from  the  Falls  to  the  Elbow,  3  miles;  from 
the  Elbow  to  the  Upper  Narrows,  IJ  miles;  and  from  the 
Upper  Narrows  south  to  the  Aticokan  River  3J  miles.  The 
entire  lake  including  the  portion  of  Lake  Margaret  showu  on 
the  map  could  be  inscribed  within  a  rectangle  6  miles  from 
east  to  west,  and  5i  miles  from  north  to  south,  or  within  an 
area  of  33  square  miles.  As  the  name  implies  the  lake  has 
bold  rocky  gliorcs,  which,  in  places  rise  150  feet  from  the 
water  in  nearly  perpendicular  clifEa.  The  total  length  of  shore 
line  is  approximately  2^  mites  not  counting  the  smaller  bays 
and  indentatioue.  Not  lesR  than  J  of  this  length  shows  rock 
in  place  either  at  the  water's  edge  or  within  a  few  hundred 
feet  of  it,  and  of  this  perhaps  \  may  be  stndied  without  leav- 
ing the  boat. 

The  contour  of  the  water  line  shows  a  very  l>eaatiful  depen- 
dence upon  structural  conditions.  The  eastern  arm  follows 
the  general  strike  of  the  rocks  from  the  bay  north  of  Lake 
Mai'garet  portage  northwest  to  Falls  Bay.  On  the  northeast- 
em  shore  of  this  arm  the  lower  limestone  makes  several  bold 
headlands  that  rise  abruptly  from  60  to  100  feet  above  tie 
waicr.  In  the  bays  between  these  headlands  the  basement 
granites  intersected  by  a  large  number  of  greenstone  dikes 
form  the  shore,  and  rise  more  gently  into  tue  broken  hum- 
niocky  hills  that  generally  characterize  the  granitic  areas  of  the 
region.  A  few  hundred  feet  back  from  the  sonthwestem 
'       ■>  Hic-  jirrAl   tni}.  iiitnisiniiH  w  dove's  uf  TTiirizon  lY  iu;iU- 
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From  the  southern  pomt  of  Pine  Beach  the  shore  again 
follows  the  strike  of  the  rocks,  as  it  sweeps  round  the  south 
pitching  axis  of  the  middle  anticlinal ;  and  in  the  stretch  from 
bowlder  Point  to  the  Upper  Narrows,  in  which  the  strike 
locally  varies  between  N.  2®  "W.  and  N.  18°  E.  the  water  line 
minutely  corresponds  to  the  minor  deflections.  This  shore 
shows  continuous  rock  exposure,  and  the  cliffs  reach  a  height 
in  places  of  40  or  50  feet  above  the  water,  having  perpendicu- 
lar faces  along  cleavage  surfaces. 

The  highest  land  about  the  lake  is  north  and  west  of  Con- 

flomerate  Bay,  and  in  the  peninsula  between  it  and  Northwest 
lay.  Except  for  a  fringe  of  the  Conglomerate  and  lower 
limestone  (formations  I  and  II)  along  Northwest  Bay,  and  of 
the  upper  horizons  of  the  series  east  of  the  fault  line  that 
crosses  the  southeast  extremity,  the  peninsula  is  composed 
entirely  of  the  basement  gneisses  and  granites,  which  rise  from 
the  water  west  of  Conglomerate  Bay  in  a  steep  cliff  (along  a 
surface  of  faulting)  iOO  feet  or  more  high.  The  hills  in  the 
northern  part  of  the  peninsula  may  reach  a  height  of  over  300 
feet,  but  this  as  well  as  other  figures  concerning  elevations  is. 
an  eye-estimate  only,  and  not  a  measurement. 

Geology. 

The  rocks  exposed  around  the  shores  of  Steep  Rock  Lake  and 
of  Lake  Margaret,  are  divisible  into  three  principal  groups. 
The  lower  division  consists  of  granites  and  gneisses,  which 
typically  are  medium  grained,  hornblendic,  and  granitoid,  with 
faint  foliation.  Locally  they  present  considerable  variations  in 
composition  and  very  great  variations  in  structure. 

Resting  upon  these  basement  rocks  is  a  series  of  rocks  show- 
ing a  thickness  of  about  5000  feet  in  exposure  along  the 
shores  of  the  lake.  Upper  members  that  are  not  seen  upon 
the  lake  probably  exist  in  the  trough  of  the  eastern  synclinal, 
southeast  of  Jack  Pine  Pt.  The  series  is  divisable  into  nine 
formation  which  as  far  as  known  are  perfectly  persistent  along 
the  strike  throughout  the  area  studied.  It  offers  many  impor- 
tant points  of  difference,  lithologically,  in  structure,  and  in  its 
relations  to  the  underlying  granites,  from  any  series  of  rocks 
previously  described  in  western  Ontario.  Leaving  the  ques- 
tion of  correlation  to  be  discussed  after  the  series  has  been 
de6cril)ed  it  will  he  called  for  purposes  of  description  in  this 
paper,  the  Steep  Rock  Series. 

At  the  southeastern  extremity  of  the  eastern  arm,  at  the 
north  end  of  the  portage  into  Lake  Margaret,  lying  across  the 
edges  of  the  Steep  Rock  Series,  begins  a  succession  of  later 
granite   porphyries,  and    massive  hornblende  rocks,   striking 
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X.  55  to  65  E.,  which  pass  upward,  ia  goinf^  aonth  acroeB  the 
strike,  into  the  schists  of  the  Aticokaa  Bivitr,  These  will  be 
termed  the  Aticokan  Series. 

Basement  Complex. — The  granites  were  very  hastily  exam- 
ined in  the  narrow  fringe  in  which  the;  are  exposed  alone 
certain  shores  of  the  lake.  They  were  studied  mainly  wiu 
reference  to  their  dietrihntion  and  stnictural  relations  to  the 
overlying  Steep  Rock  series ;  no  attempt  can  now  be  made  to 
separate  geographically  the  varions  kinds  of  rocks  which  are 
included  in  the  basement  series,  or  to  indicate  their  relatiom 
to  one  another. 

The  predominant  rock  in  the  basement  series  is  a  hornblende 
mnscovite  granite  of  medium  grain,  composed  of  dear  to 
bluish  qnartz,  feldspar,  a  gr^n  homblendic  mineral,  and 
mnscovite.  The  color  on  tlie  weathered  surface  is  white, 
slightly  tinged  with  green,  and  on  the  fresh  fracture  a  darker 
well  marked  green.  This  is  the  usnal  type.  Occasionallj  > 
red  granite  carrying  biotite  is  seen,  which  owes  its  color  to 
flesh-colored  feldspar.  True  gneisses  are  rare,  bat  they  an 
.  occasionally  found  as  at  locality  50  on  the  ridge  north 
of  the  mouth  of  the  creek  emptying  into  the  bav  north 
of  Lake  Margaret  portage,  and  in  the  pcninsala  east  of  Korth- 
wesi  Bay.  at  locality  125.  At  both  localities  the  rock  is  » 
coarse  hornblende  gneiss,  exhibiting  a  parallel  arrangement  of 
the  constitntent  minerals,  and  pegmatization.  At  localitj 
125  tlie  coarse  gneiss  carries  angular  inclusions,  which  are  finer 
grained  and  darker  than  the  mass  of  the  rock,  bat  similar  in 
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All  these  granitic  rocks  are  traversed  by  an  immense  number 
of  dikes  of  ^enstone,  and  more  rarely  of  quartz  porphyry, 
all  of  which  for  structural  reasons  are  conveniently  considered 
with  the  basement  complex. 

These  belong  to  three  eras  of  irruption.  (1)  Tliose  which 
supplied  pebbles  to  the  conglomerate  at  the  base  of  the  Steep 
Bock  series,  (2)  Those  which  are  seen  to  traverse  both  the 
granitic  and  Steep  Rock  series,  and  to  have  participated  in  the 
folding.  (3)  A  single  massive  dike  of  porphyrite  (?),  which 
cuts  through  the  most  schistose  phase  of  the  granite  at  the 
turn  of  the  sharp  fold  at  the  head  of  XW.  Bay,  and  is  clearly 
subsequent  to  the  latest  period  of  folding  of  the  region.  The 
dikes  of  class  2  are  best  seen  along  the  N.E.  shore  of  East 
Bay.  They  are  rudely  parallel,  the  walls  are  straight  and 
nearly  vertical,  trending  irom  N.  45^  to  N.  65°  E.,  and  in  a 

meral  way  cutting  the  granites  and  the  lower  horizons  of  tne 

K.  series  in  a  direction  normal  to  the  contact  and  strike. 
They  vary  in  width  from  one  to  two  feet  up  to  70  feet,  and 
clearly  were  the  chimneys  through  which  passed  up  the  mate- 
rial for  the  great  mass  of  interbedded  traps  on  the  south  side 
of  the  same  arm. 

The  contact  phenomena  with  the  country  rock  are  imiformly 
as  follows  :  When  the  dike  is  less  than  6  or  8  feet  in  width  it 
is  fine  grained,  without  crystalline  structure,  and  throughout 
is  highly  schistose  in  the  general  regional  direction.  The 
wider  dikes  have  massive  and  crvstalline  interiors,  but  are  fine 
grained  and  schistose  in  a  direction  parallel  to  the  induced 
r^onal  cleavage,  for  a  distance  of  2^  or  3  feet  from  the  wall. 
The  country  rock  also  is  schistose  next  to  the  wall  of  the  dike, 
the  belt  affected  being  narrower  where  the  adjacent  rock  is 
granite  than  where  it  is  limestone. 

With  regard  to  distribution,  it  may  be  said  in  a  general  way 
that  all  shore  lines  north  of  the  water,  from  Lake  Margaret  to 
Northwest  Bay,  are,  with  few  exceptions,  made  up  of  the 
rocks  of  the  basement  complex.  The  exceptions  are  the  head- 
lands in  East  Bay  and  at  the  Elbow  which  are  of  limestone, 
the  great  mass  of  limestone  at  the  head  of  Falls  Bay,  and  the 
limestone  between  Camp  Bay  and  Conglomerate  Bay,  and  the 
Conglomerate  along  the  latter. 

Steep  Rock  Series,  —  The  Steep  Rock  series  consist  of  9 
well  marked  and  persistent  horizons  exposed  about  the  lake. 
It  is  very  probable  that  other  higher  members  exist  in  the  land 
area  southeast  of  the  shore  from  Jack  Pine  Ft.  to  Pine  Beach. 
The  9  formations  are  given  in  the  table  below  which  reads 
upward  in  ascending  order : 
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IX.  Dai-k  6ray  clay  slate. 
VIII.  Agglomerate. 
VII,  (i  ree  a  stones  and  grt^enftone  Bcliists. 
VI,  Upper  conglomerate, 
V.  L'pper  cak-ari'ous  pieen  echiHl. 
IV,   Inteibedded  crystalline  traps. 
III.  Fcnugiiiniis  formaiioii. 
II.  Lower  limes  ton.-, 
I.  Conglomerate. 

In  the  foregoing  description  of  the  basement  complex  the 
northern  limit  of  the  Steep  Rock  series  lias  roughly  been  indi- 
cated. Formations  I  and  II  occur  in  isolated  patches  north  of 
the  water  on  shores  that  are  otherwise  occupied  only  by  the 
granites.  Along  the  whole  course  of  the  lake  they  dip,  at 
very  steep  angles,  ranging  from  60°  to  80°  away  from  the 
basement  rocks,  upon  which  they  hang  as  a  time-worn  fringe, 
having  no  extension  inland  The  shore  line  lies  sometimes  in 
the  granites  and  sometimes  in  the  Steep  Rock  series,  but  in  a 
general  way  follows  closely  in  direction  the  boundary  between 
them.  It  is  only  along  these  northern  shores  that  formations 
I  and  II  are  seen  at  all,  and  as  they  are  usually  found  together, 
separated  from  the  higher  members  by  intervening  water,  it 
will  bo  convenient  to  keep  them  apart  from  the  rest  for  pnr- 
poses  of  description.  The  basal  member  of  the  Steep  Kock 
xeries,  which  is  generally  found  between  the  granites  and  tlie 
lower  limestone,  is  a  bed  having  a  maximum  thickness  of 
nearly  100  feet,  presenting  the  various  phases  of  a  congloroer- 
iite,  coarse  and  fine,  a  qiiartzite  and  a  quartz  schist  with  feldspar. 
The  formation  occui's  as  a  coarse  conglomerate  at  the  eastern 
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as  a  rule,  of  beds  of  quartz  pebbles,  none  larger  than  bnckshot, 
with  little  cement,  alternating  with  layers  of  massive  quartzite. 

In  crossing  from  the  base  of  the  limestone  to  the  granite  it 
becomes  at  first  slightly  and  then  more  and  more  feldspathic 
as  the  latter  is  approached.  Near  the  junction  both  rocKs  are 
very  similar  in  composition,  so  that  it  is  quite  impossible  to 
draw  the  line  between  them  from  considerations  of  composition. 
There  is  an  apparent  transition  from  one  rock  into  the  other. 
This  transition  zone,  which  is  from  20  to  30  feet  in  width,  is 
uniformly  highly  schistose,  in  the  regional  direction  N.  43°  E., 
which,  in  the  eastern  arm,  where  the  strikes  are  from  N.  60°  to 
60°  W.,  crosses  the  courses  of  the  contact  and  the  bedding 
nearly  at  right  angles.  The  schistose  structure  is  traceable 
through  the  transition  zone  into  the  undoubted  granite  in 
which  it  dies  out  gradually,  being  represented  a  few  feet  away 
by  little  discontinuous  wavy  cracks,  along  which  chlorite  is 
usually  developed,  and  by  a  faint  foliation. 

Froui  these  facts  it  appears  certain  that  the  granitic  com- 
plex supplied  by  erosion  the  materials  for  Formation  I,  and 
that  the  contact  is  therefore  one  of  unconformability.  There 
is  no  unconformability  of  structure ;  for  the  only  normal  struc- 
ture possessed  by  the  basement  rocks,  that  of  schistosity,  was 
demonstrably  imposed  upon  them  at  a  time  long  subsequent  to 
the  accumulation  of  the  various  materials  which  now  compose 
the  Steep  Rock  series.  The  absence  of  a  sharp  line  of  de- 
markation  between  the  complex  and  Formation  I,  which  may 
seem  to  be  a  difBculty  in  the  way  of  accepting  the  existence  of 
an  unconformability,  is  believed  to  be  capable  of  a  satisfactory 
explanaticm.  In  considering  the  orotechnic  history  of  the 
region  the  transition  zone  will  be  shown  to  represent,  not  a 
transition  in  time,  but  a  mechanir^al  transition  in  composition, 
dating  from  a  time  subsequent  to  the  accumulation  of  the 
rocks  of  the  Steep  Rock  series. 

Formation  II,  the  lower  limestone,  lies  above  Formation  I, 
with  which  it  is  seen  in  direct  contact  at  a  number  of  localities. 
The  rock  is  very  uniform  in  character  wherever  exposed.  It 
is  a  dark  to  light  bluish  gray  limestone,  not  at  all  highly  crys- 
talline, often  banded  with  layers  of  lighter  color,  along  planes 
of  original  bedding.  The  light  bands  vary  in  width  from  a 
fine  line  up  to  6  or  8  inches.  Bedding  planes  are  also  often 
marked  by  thin  cherty  seama  Basal  portions  are  frequently 
massive  and  siliceous,  and  in  some  localities  are  highly  charged 
with  pj'rites  the  decomposition  of  which  causes  the  rock  to 
weather  l)rown.  The  upper  part  of  the  formation  is  a  breccia, 
composed  of  fragments  of  limestone,  showing  original  struc- 
ture, and  of  trap,  imbedded  in  a  matrix  that  seems  to  be 
mostly  made  up  of  a  consolidated  calcareous  flour.     It  is  widely 
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distributed,  and  is  nearly  if  not  quite  coextensive  with  the 
limestone.  The  total  thickness  of  the  lower  limestone  cannot 
be  determined  preeiBely,  as  it  is  nowhere  seen  in  contact  with 
the  overlying  Formation  III,  l>nt  quite  surely  is  not  leas  tli&n 
500  nor  more  than  700  feet,     A  much  greater  thickness  is  ex- 

Eosed  in  the  north  side  of  Conglomerate  Bay,  in  part  reGDlting 
■om  duplication  by  faulting.  On  the  eastern  arm,  where  the 
rocks  are  comparatively  undisturbed  the  limits  indicated  arc 
those  given  above. 

Formation  III  is  found  only  on  the  south  shore  of  the 
eastern  arm  which  it  fringes  from  the  Point  N.W.  of  Lake 
Mar^ret  Portage  to  Falls  Bay,  in  much  the  same  way  that 
the  limestone  fringes  the  north  shore.  As  a  whole  the  forma- 
tion conpists  of  an  extremely  soft,  fissile  dull  green,  very  pyrit- 
iferous  rock,  which  CHrries  in  some  localities  many  pebbles 
of  limestone  and  a  few  of  trap.  In  the  lower  parts  of  the 
formation  the  limestone  fragments,  which  are  identical  with 
the  roi:k  of  Formation  II,  are  rather  numerous,  and  some  are 
large,  one,  angular  in  shape,  being  over  two  feet  in  diameter. 
Others  are  apparently  rounded  and  waterwom.  tn  other 
localities  pebbles  are  not  found  at  all.  For  the  most  part  the 
only  structure  observable  is  the  rcgiunal  cleavage  which  is 
very  perfectly  developed.  At  two  localities  a  tine  banding 
parallel  to  the  strike  of  the  rock  was  observed.  At  loc  27, 
south  of  trap  bluff  this  banding  is  very  prettily  shown.  The 
roek  carries  a  few  rounded  pebbles  of  limestone.  The  bandol 
structure  is  thrown  into  little  compressed  S.W.  pitching  folds 
the  tangent  plane  to  which  is  parallel  to  the  plane  of  the  dip 
in  the  limestone  across  the  bay.     Apart  from  the  limestone 
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greenish-gray  rock,  made  up  of  plagioclase  and  hornblende, 
and  is  probablj  a  diorite.  Locally  it  includes  layers  of  green 
schist  which  are  to  be  regarded  as  mechanical  derivatives, 
analogous  to  the  chloritic  gneissic  phases  of  the  basement 
granite.  The  formation  is  best  seen  south  of  the  eastern  arm, 
where  it  forms  a  lone  ridge  running  from  Lake  Margaret  por- 
tage N.W.  to  Falls  Bay,  and  in  the  two  natural  sections  made 
by  the  shore  line  at  both  the  northern  and  southern  ends. 
Small  patches  are  exposed  at  a  number  of  localities  about  the 
lake.  It  is  uncertain  whether  this  is  an  intrusive  sheet  or  a 
flow. 

Formation  V  is  a  very  calcareous  green  schist  containing 
thin  seams  of  limestone.  The  included  layers  are  quite  pure 
finely  crystalline  limestone.  Thin  sections  of  the  less  cal- 
careous portion  show  that  the  rock  consists  of  50  to  60  per 
cent  of  calcite,  and  for  the  rest,  of  argillaceous  material  and 
secondary  quartz.  Originally  it  was  probably  in  the  main  a 
very  calcareous  shale,  with  thin  beds  of  limestone.  The  thick- 
ness is  about  600  feet. 

Immediately  above  the  limestone  comes  Formation  VI,  a 
conglomerate,  having  a  maximum  thickness  of  about  LOO  feet. 
It  varies  in  habit,  from  a  hydromica  schist,  carrying  many 
grains  of  quartz,  the  clastic  character  of  which  is  evident  in 
thin  section,  to  a  rather  coarse  conglomerate,  the  pebbles  in 
which  seem  to  be  entirely  of  quartz  and  granite.  The  locality 
in  which  it  may  be  best  seen  is  on  Falls  Bay,  on  the  shore  east 
of  Jack  Pine  Point. 

Formation  VII.     The  type  rock  of  this  horizon  is  a  light 

{rreenish  gray,  massive,  close  textured  rock,  which  weathers  a 
ight  brown.  In  thin  section  it  appears  to  be  of  eruptive 
origin,  but  owing  to  the  complete  alteration  of  the  bisilicate  it 
is  uncertain  whether  it  was  originally  a  diabase  or  a  diorite. 
Departing  from  this  as  a  type,  on  the  one  hand  are  found 
members  which  show  crystalline  structure  macroscopically, 
and  on  the  other  banded  green  schists  which  to  the  eye  have 
every  appearance  of  being  altered  sediments.  Under  the 
microscope  however  they  show  no  trace  of  sedimentary  origin. 
This  banding  is  of  two  kinds.  (1),  a  line  banding  due  to  an 
alternation  of  thin  seams  diflEering  slightly  from  one  another 
in  color  and  in  texture.  (2),  a  coarser,  due  to  the  interbedding 
of  layers  of  the  massive  varieties  with  the  schistose.  These 
lay  ere  are  of  all  thicknesses,  from  a  few  inches  up  to  several 
feet  The  structure,  of  both  varieties,  appears  to  be  antece- 
dent to  the  last  folding  of  the  series,  since  it  is  often  greatly 
contorted,  and  frequently  intersected  bv  the  regional  cleavage, 
and  in  general  is  parallel  to  the  true  strike.  A  graphitic  schist, 
twenty  feet  or  more  in  thickness,  is  also  included.     There  is  an 


am      H.  L.  Smyt^Geology  o/SUep  Rock  Lake,  OrU. 


evident  etratigraphical  Bncceasion  in  the  variona  members,  the 
banded  scbiate  predominating  towards  the  top.  The  peculiar 
gray  green  color  and  cloee  texture  are  characteristic  of  the 
rocks  of  this  horizon.     The  thickness  is  about  1400  feet. 

Formation  VIII.  The  agglomerate  is  best  seen  at  Jack 
Pine  Point  and  at  locality  79  to  the  south  of  it.  At  locality 
79,  it  consists  of  pebble-like  inclusions,  greatly  resembling  the 
type  rock  of  Formation  VI,  imbedded  in  a  light  gray-green  fissile 
matrix  which  is  brifi^t  on  the 
cleavage  surfacee.  The  inclu- 
sions vary  in  size  from  a  frac- 
tion of  an  inch  up  to  5  or  6 
in.  long  diameter.  They  are 
elongated,  and  have  rotinded 
outlines,  tboagh  tapering  to 
rather  sharp  points.  They 
are  all  of  the  same  material, 
which  is  the  same  as  the  mat- 
rix apparently,  differing  from 
it  only  in  lacking  the  scTiistoee 
structure.  They  are  hardly 
distinguishable  from  the  mat- 
rix in  color,  on  the  fresh  frac- 
tuie,   bnt  on  the   weathered 

^ ^  '-  '^     surface  the   inclusions  stand 

— A^ioniprate,  Loc.    The  aliadod  out,   and    weather    a   lighter 
mciu«on8  ii.  nature  are  HirUter  in  color  brown.       Under     the     micro- 
than  the eiicosinii' (treen achist.    Tlie  wav-         _      .v      ■_   i      .   _ 
intr  litifs  Indicate  riicfltLons  in  the  mfttrii.   scope  the  mcluBions  are  seen 
to  cuiipist  iif  an  eruptive  rock 
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posed,  the  shore  line  a^in  crosses  the  intermediate  formations 
in  descending  order,  the  strikes  bending  roand  gradually  to  N. 
20°  E.  A  line  drawn  a  little  west  of  south  through  the  eastern 
point  of  the  limestone  of  the  Elbow  marks  the  intersection  of 
the  axial  plane  of  the  middle  anticlinal  with  a  horizontal  plane. 
West  of  this  line  the  limestone  of  the  Elbow,  Formation  VI, 
and  the  various  members  of  Formation  VII,  which  alone  are 
exposed  on  the  southern  and  western  shore,  strike  again  to  the 
northwest,  gradually  bending  round  along  the  latter  to  the 
east  of  north.  The  limestone  at  Conglomerate  Bay  abuts 
against  a  cliflE  of  the  basement  granite,  the  line  of  separation 
marking  the  position  of  a  fault.  About  6000  feet  S. W.  along 
the  line  of  this  fault,  which  is  well  marked  by  a  breccia  in  the 
peninsula  N.W.  of  the  upper  narrows.  Formations  1  and  II  are 
found  again  on  the  opposite  side,  striking  N.W.,  and  farther 
north  on  the  large  island  in  N.W.  Bay,  bending  round  iigain 
to  the  southwest.  On  the  west  shore  of  the  lake  west  of  Is.W. 
Bay  green  slates,  probably  belonging  to  Formation  VII,  are 
found  west  of  Formation  II,  and  again  on  Birch  Point  indicat- 
ing another  fault  which  trends  to  the  west  of  north.  These 
two  faults  so  complicate  the  structure  of  the  western  part  of 
the  lake,  that  the  relations  of  the  rocks,  which  are  all  recog- 
nizable as  belonging  to  one  or  another  of  the  IX  formations 
of  the  series,  could  not  be  worked  out  in  the  time  available. 

There  are  two  points  in  the  general  structure  of  the  rocks 
of  the  lake  which  are  especially  noteworthy  and  significant. 
Thev  are : 

1st.  The  high  pitch  of  the  axes  of  the  great  folds.  At  the 
turn  of  the  middle  anticlinal  at  the  Elbow,  dips,  which  are 
well  marked  in  the  limestone,  range  from  vertical  to  75°  to 
the  south,  (Section  II.)  At  the  turn  of  the  western  synclinal 
in  Northwest  Bay  the  dip  is  about  60°  in  the  same  direction. 
We  have  here,  then,  folds  with  very  high  south-pitching  axes, 
the  pitch  in  the  case  of  the  anticlinal  being  nearly  9(»°  and  in 
the  case  of  the  synclinal  at  a  lower  angle.  In  the  case  of  the 
eastern  synclinal  the  pitch  is  also  high,  though  apparently 
considerably  less  than  90°,  as  indicated  by  the  greater  thick- 
ness of  the  series  measured  along  the  axis  than  across  it.  The 
Steep  Rock  series^  therefore  dips  away  from  the  granites,  at 
the  turns  of  folds^  at  angles  which  do  not  differ  materially 
from  those  observed  in  the  long  straight  stretches;  as,  for 
example,  that  in  East  Bay. 

2na.  The  regional  cleavage.  Throughout  the  whole  area 
is  observed  a  regional  cleavage,  which  has  a  tolerably  uniform 
direction  between  the  limits  N.  38°  and  N.  48°  E.,  and  trav- 
erses all  the  rocks  of  the  region,  both  the  eruptive  and  sedi- 
mentary members  of  the  Steep  Eock  Series,  and  the  rocks  of 
basement  complex.     It  has  largely  obliterated   the  original 
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lamination  of  the  sediments  and  banded  scliists  of  the  St«ep 
Rock  Series,  and  is  now  the  dominant  Btructnre. 

In  inferring  the  oroteclmic  history  of  the  region  the  origiii 
of  the  N.E.  cleavage  must  be  ascribed  to  a  force  acting  pr- 
pendicular  to  it,  or  in  a  N.W.  and  S.E.  direction;  and  smce 
this  cleavage  rnns  throngh,  and  in  manj  cases  masks  all  pre- 
vious strncture,  the  force  which  produced  it  mast  have  been 
the  last  force  which  has  left  its  marks  npon  the  rocks  of  the 
lake.  To  tiiis  force  also  mnst  be  aEcril>ed  the  action  which 
left  the  Steep  Rock  series  in  its  present  folded  attitude. 

What  was  the  position  of  the  rocks  just  before  this  cleavagt^ 
producing  force  acted  upon  them?  It  could  not  have  been 
norizontal,  for  in  the  long  stretch  in  East  Bay,  where  the 
strike  runs  nearly  straight  for  four  miles,  and  in  the  limestone 
exposures  N.W,  of  the  Elbow,  the  plane  of  the  dip  nearly 
coincides  with  the  direction  of  this  force,  and  the  cleavage 
planes  intersect  it  nearly  at  rigiit  angles.  A  N.W.  and  S.E. 
force  acting  parallel  to  the  present  strike  in  the  plane  of  the 
dip,  could  not  have  tilted  these  portions  of  the  Steep  Rock 
Series  into  their  present  nearly  vertical  position.  It  seems 
necessary  to  suppose,  therefore,  that  before  the  cleavage-pn' 
ducing  force  acted,  that  part  of  the  Steep  Rock  Series  that  we 
know,  existed  as  a  N.W.  and  S.E.  strikmg  monocline,  havinf; 
a  high  dip  to  the  S.W.  as  the  result  of  previous  folding  by  a 
N.E.  and  S.W.  force. 
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standing  leaves  of  the  series  would  oppose  their  maximum 
rigidity,  but  bj  horizontal  buckling  about  neariy  vertical  axes, 
to  which  the  opposed  rigidity  would  be  a  minimum.  Figures 
2  and  3  illustrate  this  point.  2nd,  consequent  upon  the 
regional  movements  attending  the  folding  were  produced  mi- 
nute fissures,  and  a  rearrangement  of  particles  along  planes 
perpendicular  to  its  direction ;  or,  in  other  words,  the  regional 
cleavage. 

These  two  periods  of  orotechnic  action  explain  also  the 
schistose  dikes  and  the  transition  zones  between  Formation  I, 
and  the  granitic  complex.  The  dike  at  locality  41  will  serve 
as  an  example  of  the  class.  It  is  from  60  to  70  feet  in  width 
and  cuts  the  granitic  complex,  the  southeast  wall  running  N. 
48°  E.  For  a  distance  of  three  feet  from  the  wall  the  dike  is 
very  schistose  and  fine  grained.  The  interior  is  massive  and 
crystalline.  Under  the  microscope  the  interior  is  seen  to  be  a 
quartz  diorite,  consisting  of  quartz,  plagioclose,  hornblende, — 
in  places  altered  to  chlorite  and  epidote,  magnetite  and  apatite. 
The  feldspars  are  nearly  all  saussurized.  A  slide  from  the 
schistose   portion  shows  it  to  be  a  hydromica  schist,   with  a 

treat  deal  of  normal  chlorite.  The  quartzes  are  strained  and 
roken,  and  the  magnetite  is  granulated  and  drawn  out  into 
fissured  "  aucjen."  Some  epidote  is  arranged  along  planes  of 
foliation.  T^he  rock  shows  shearing  and  crushing  in  an  eminent 
degree. 

Previous  to  the  first  orotechnic  period  we  may  suppose  that 
the  Steep  Rock  series  lay  in  a  horizontal  position  upon  the 
basement  complex.  The  parallel  dikes,  of  which  41  is  an 
example,  which  supplied  the  materials  for  the  interbedded 
eniptives  of  the  series,  constituted  a  system  of  thin  vertical 
beds  running  through  and  binding  together  the  grantitic  com- 
plex, and  the  sediments  and  interbedded  eruptives  of  the 
upper  series.  The  effect  of  the  first  force  was  to  arch  the 
series  about  horizontal  axes  parallel  to  the  present  strikes  in 
East  Bay,  and  perpendicular  to  the  course  of  the  chimney 
series  of  dikes.  It  acted  parallel  to  the  direction  of  these  dikes 
and  therefore  opposed  to  their  greatest  rigidity.  As  the  upper 
series  bent  under  the  action  of  the  force,  there  must  have  been 
a  difference  in  the  rate  of  yielding  of  the  bedded  sediments 
and  ihin  horizontal  eruptives,  on  the  one  hand,  and  the  verti- 
cal dikes  and  massive  granitic  complex  on  the  other.  This 
difference  in  rate  of  yielding  must  nave  produced  grinding : 
1st,  of  the  basal  sediments  on  the  granitic  complex ;  2nd, 
between  the  vertical  dikes  and  the  rocks  through  which  they 
passed,  whether  sediments,  interleaved  eruptives,  or  of  the 
complex. 

The  grinding  would  result  in  shearing  and  comminution  of 
both  rocks  in  zones  adjacent  and  parallel  to  the  contacts.     The 


330      li.  L.  ^nyth — Geology  of  Steep  Rock  Lake,  OnU 

traDsition  zone  at  the  junction  of  the  basement  complex  and 
Formation  I,  represents  the  depth  to  which  the  granites, 
previonsly  weakened  by  disintegration,  were  affected  by  the 
grinding.  In  this  zone  there  was  also  doubtless  a  certain 
mtermingling  of  particles  produced  by  the  action  of  gravity. 

The  later  orotechnic  force  has  imposed  schietoee  stracture 
in  these  zones  of  comminution  just  ae  in  the  sedimentar}* 
members  of  the  up|)er  series. 

Behavior  of  the  complex, — How  have  the  crystalline  rocks 
of  the  basement  complex  yielded  to  the  tremendous  stresees 
which  produced  the  buckled  folds  in  the  upper  series?  This 
most  interesting  question  must  be  left  incompletely  answered. 
A  few  points,  however,  are  clear.  Great  relief  was  afforded 
by  the  tanlt  across  the  northern  end  of  the  lake.  The  dip  of 
the  fault  plane,  unfortunately,  was  not  observed,  bnt  it  is  con- 
ceived that  the  movement  was  essentially  horizontal,  and  that 
the  6000  feet  of  observed  throw  is  nearly  the  fall  measure 
of  its  amoimt.  In  the  zone  adjacent  to  the  Steep  Rock  Series, 
in  which  alone  the  granites  were  studied,  the  presence  of 
numerons  folded  dikes,  in  the  localities  in  which  the  whole 
series  has  l)eeii  specially  folded,  seems  to  show  that  the  granites 
yielded  by  bend- 
ing and  nut  I>v 
faulting.  One  of 
,  these  is  shown  in 
figure  4.  It  is 
one  of  many  seen 
in  the  stretch  of 
shore  north  of  Wie- 
ids  Point.    Thi> 
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the  thickness  of  the  series  measured  in  section  has  been  largely 
but  indeterminately  increased.  In  the  stretch  from  the  Elbow 
north  to  the  head  of  Fails  Bay,  west  of  the  axial  plane,  the 
series  is  much  thinner,  probably  as  the  result  of  three  causes : 
(1)  A  general  stretching  in  this  direction.  (2)  A  possible 
faulting  along  the  axis.  Phis  has  not  been  observed,  however. 
(3)  A  probable  thinning  out  of  the  trap  horizon  in  going  west. 

For  these  reasons  a  measurement  across  the  series  there 
would  probably  be  at  least  as  much  less  than  the  true  thick- 
ness as  the  East  Bay  section  is  greater.  A  mean  between  them, 
or  4500  feet,  may  be  taken  as  an  approximation  to  the  true 
thickness. 

General  Considerations, — The  study  of  the  Steep  Rock 
series  shows  some  results  both  positive  and  negative  which 
have  a  general  interest  in  connection  with  the  geology  of  the 
region  3n.W.  of  Lake  Superior. 

Ist.  The  contact  of  Formation  I  with  the  basement  complex  is 
one  of  erosion. 

2d.  The  complex  at  the  time  of  the  deposition  of  the  Steep 
Rock  series  was  made  up  of  consolidated  crystalline  rocks,  and 
there  is  no  evidence  whatever  that  it  has  since  undergone 
fusion,  or  recurred  to  the  condition  of  a  magma. 

3d.  The  rocks  of  the  Steep  Rock  series  have  been  subjected 
at  two  periods,  more  or  less  distant,  from  one  another,  to  the 
action  of  great  orotechnic  forces,  which  acted — the  first  in  a 
N.E.  and  S.W.  direction,  and  the  second  in  a  N.W.  and  S.E. 

.4th.  The  latter  force  has  imposed  upon  all  the  rocks  of  the 
region  a  N.E.  structure,  which  has  largely,  but  not  entirely, 
obliterated  preexisting  lamination  in  the  sediments  and  schists 
of  the  Steep  Rock  series. 

5th.  The  two  orotechnic  actions  have  produced  great  devel- 
opments of  autoclastic*  schists,  both  in  the  granites  and  in  the 
rocks  of  the  Steep  Rock  series ;  the  present  structure  in  which 
was  induced  and  determined  in  direction  by  the  last  force. 

The  consideration  of  the  Aticokan  series,  with  a  more 
general  discussion  of  the  mutual  relations  of  the  three  series  of 
rocks,  and  an  attempt  at  correlation,  must  be  deferred  to 
another  paper. 

The  author  wishes  to  express  his  great  obligations  to  Prof. 
Raphael  Pumpelly  for  many  valuable  suggestions.  Mr.  C. 
Livy  Whittle,  of  Cambridge,  Mass.,  has  kindly  examined  a 
number  of  thin  sections  from  the  Steep  Rock  series,  and  the 
results  of  his  study  are  incorporated  in  the  above  description 
of  formations. 

Port  Arthur,  Ontario,  June,  1891. 

♦  That  IB,  schists  formed  in  place  from  massive  rocks  by  crushing  and  squeez- 
ing, without  intervening  processes  of  disintegration  or  erosion,  removal  and  depo- 
sition. 


B.  J.  //^rr.l.,•^-.  — v-«j;VW 


Akt.  \X\ll.—0:  r-  «— 7'V''Jf*t-r^r/>rf^Xa4¥  Tort* 

Tiii.  'y!«?3.-TMi'*  '.:'  rahieraJ  r»frii  ai  mcm  of  the  mak  ml 
::•/:.;•*-  of  a*-  Ni-.tLweei  »r.d  Britid  CoIbihIha  h^  bcei 
kr.o»T:  f',.'  rr-kr-T  veare.  ad  :le  re^nlt*  of  »  partial  eiMniiu. 
ti«.  ',f  .pw:rr.er>  fr-m.  tnree  I.i«!:t:e6  were  publUbed  U  tbe 
writer  in  :h<:  r*p.>n  of  the  Geol-t-sieal  Snrvev  for  1^7^77 
471.  Tije  (y.r.cln-iori  tlien  amv€«i  at  was  tLat  D<me  of'tta 
-[^;im-n-  fro^M  U  referre-l  to  amber  or  soccinite.  thongh  in 
*;fif:  TH'Xi^^r:  ir\i^\  rtsembling  that  ^b«t»ic«.  Atteitioii 
war  ■A'rii  'ralM  to  the  Btatement  of  Cioeppert  that  he  kDerof 
I...  iijitati^;  of  tree  ainf*r  \,eins  fonnd  in  the  brown  coaleuf 
nortliftni  ^iennanv.  tJie  eobttaDce  occornn^  in  those  beds 
(^:iii(f  "Tiftiriitft." 

liiiririL'  tin.-  Buriimer  of  ]Si*0,  Mr.  J.  B.  Tttt^II.  M.A.  of  tbe 
( Ff:./lo(.n«-al  Survey  of  Canada,  visited  a  localitv  on  the  wefl 
Aiort:  of  Cedar  T^ke,  near  the  mouth  of  the  North  Saekitdi- 
<:wa(i,  where  a  mineral  reein  resembling  amber  in  appcir. 
anw;  hnn  Ix.-en  fonnd  in  larfrt:  i-juantitT.  With  regard  to  it  Mr 
Tyrmli  -avr ;  '•  ft  occurs  mixed  with  sand  and  tnanr  fraenieDti 
of  psirTiy  dwayefJ  wwxl,  on  a  low  l)each  behind  a  gradmllT 
hheliiritf  chore  and  along  the  face  of  a  deep,  wpt,  snnic? 
i-wamj),  The  |>ioccs  were,  for  the  tuost  part,  ^m.ill^^r  tiiaii  > 
[Hia,  but  could  !«  readily  seen  glittering  among  the  sand  and 
vwgfitoble  dehriB.  Some  pieces  were  found  as  ur^  as  a  robin's 
pg((i  "'"I  ^^-  King  [of  the  Hudson's  Bay  CoinpaDy]  informed 
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The  writer  is  indebted  to  Mr.  Tyrrell  for  specimens  of  this 
so-called  amber  from  Cedar  Lake,  and  the  results  of  their 
examination,  as  far  ajB  completed,  will  now  be  given.  The 
snbstance  was  in  pieces,  for  the  most  part  very  irregular  in 
shape,  some  being  more  or  less  angular,  others  approximately 
spherical,  and  others  flattened,  discoid  or  lenticular.  Some  of 
iiiG  pieces  were  smaller  than  a  pea,  but  they  ranged  from  this 
up  to  the  size  of  an  ordinary  bean  (about  2  centimeters  long). 
In  color  they  varied  from  pale  yellow  to  dark  brown,  and 
many,  when  examined  by  transmitted  light,  appeared  clouded 
3r  banded  from  the  presence  of  black  carbonaceous  matter. 
Superficially  they  were  generally  dull,  owing,  perhaps,  to 
3hemical  change,  but  on  fresh  surfaces  the  luster  was  resinous. 
rhe  fracture  was  conchoidal.  Though  electric  on  friction, 
ihey  appeared  to  be  less  strongly  so  than  ordinary  amber. 

Light-colored  fragments,  free  from  black  carbonaceous  mat- 
:er,  were  selected  lor  examination,  and  any  superficial  crust 
•aref nlly  removed  by  scraping.  The  hardness  of  these  selected 
pieces  was  fully  2^.  The  specific  gravity,  as  obtained  with  a 
juantity  of  material  in  the  specific  gravity  bottle,  was  1'055 
at  20°  C.),  and  a  single  fragment  gave  by  suspension  with  a  hair 
I "0543  (20°  C).  The  material  for  analysis  was  finely  powdered 
md  dried  over  sulphuric  acid  in  vacuo.  The  combustions 
were  made  with  lead  chromate  in  the  usual  way,  and  the  ash 
determined  with  a  separate  portion  in  a  platinum  crucible, 
rhe  following  are  the  results  obtained : 

I.  II.  Mean. 

Carbon 80*01  79-91  79*96 

Hydrogen    10-37  10*55  1046 

Oxygen 9*53  9*45  9*49 

Ash  ... 0*09  0*09  0*09 


100*00            100-00  100-00 
Excluding  the  ash  the  results  become : 

I.                     II.  Mean. 

Carbon 80*08             79*98  8003 

Hydrogen    .   10*38             10*56  10*47 

Oxygen    9*64               9*46  9*50 


100-00  100*00  100*00 

The  ash  was  brick-red  in  color  and  found  to  contain  silica, 
alumina,  iron,  lime,  and  magnesia. 

The  only  solvents  whose  action  upon  the  resin  has  been  tried 
as  yet  are  absolute  alcohol  and  absolute  ether,  and  the  eflEect  of 
these  was  ascertained  as  follows :   One  gram  of  the  finely  pow- 
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dered  reBic  wae  mixed  with  ten  grams  of  pure  quartz  sand  in  a 
cylinder  of  filter  pajier  and  extracted  in  Soxhlet'B  apparatm, 
in  the  ca^  of  the  alcohol  for  three  and  a  half  hours  (24  siphon- 
iiige)  and  in  the  case  of  the  ether  for  two  honrs  {24  BiphoQings). 
In  each  case  the  sand  and  filter  paper  were  previously  a- 
tracted  by  the  special  solvent  for  several  honrs.  The  extract 
from  the  resin  was  evaporated  in  a  weighed  platinnm  dish  and 
the  residue  dried  at  1011°  C.  The  rcsulta  obtained  were  u 
follows: 

Dissolved  by  absolute  alcohol 21*01  percent. 

"  "  "         eiber 24-84        " 

The  effect  of  more  prolonged  action  of  the  Bolvents  has  not 
as  yet  been  ascertained.  The  alcoholic  extract  after  drying 
was  brownish  in  color,  while  that  obtained  with  ether  was  only 
faintly  yellow. 

When  small  fragments  of  the  resin  were  heated  in  cloced 
tabes  it  was  found  that  they  began  to  soften  at  about  150°  C 
the  point  of  softening  being  roughly  ascertaiaed  by  pressure 
with  a  platinum  rod.  At  ISn-lOO"  C.  the  fragments  were 
suflSciently  yielding  to  be  [jressed  into  one  mass  oy  the  pla- 
num rod.  Heated  up  to  300°  C.  the  reain  did  not  melt  into 
a  flowing  liquid,  put  became  soft  and  elastic,  and  bad  darkened 
a  good  deal  from  ])artial  decomposition. 

Fragments  of  genuine  amber  behaved  in  a  similar  manner, 
but  began  to  soften  at  about  140°  C.  At  180°  they  conld  be 
readily  pressed  into  one  mass,  and  in  the  one  experiment  tried 
they  seemed  to  darken  more  readily  than  the  Cedar  Lake  resin 
<d]cn  heated  up  to  2so''-300°  C.     The  ordiuavy  statt;me»t  that 
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Cedar  Lake  resin  contaiDs  more  carbon  than  the  amber 
3d  by  Sehrotter  and  less  oxygen,  and  in  this  respect 
nearer  to  Walchowite  and  to  some  of  the  recent  copals 
!ndia.  The  relations  of  some  of  these  bodies  will  be 
)lain  by  the  following  tables : 

Katio  of  C.  H, 

Ratio  of  C,  H,  and  O  atoms, 

Carbon.  Hydrogen.  Oxygen.  and  O  atoms.  taking  C  —  40. 

ber 78-82  10*23  1095  9-60:14-95:l  40: 62*29: 4-16 

ntzite 79-25  10-41  10-34  1022:  1611 :  1  40:63-05:391 

ar  Lake  Resin  80-03  1047  9'50  1123:  1763:  1  40:62-79:3-66 

al  (Bombay)..  79-70  10-40  9-90  10-75:16-83:1  40: 62-62;3-72 

al  (Calcutta). .  80-34  1032  9  34?  11-46:17-67:1  40:61-67:3.49 

hillips'  Mineralogy  (1852),  p.  630.  Anal,  by  Sehrotter. 
kna's  Mineralogy  (1869),  p.  741.  Anal,  by  Landolt.  IV. 
8  Dictionary  of  Chemistry  (ed.  i.),  vol.  ii,  p.  19.  Anal. 
Iiol.     V.  Watts's  Dictionary  of  Chemistry  (ed.  i),  vol.  ii, 

AnaL  by  Filhol.* 
ugh  resembling  amber  in   some  of   its   characters,  the 

Lake  resin  may  here  be  classed  provisionally  as  *'re- 
'  on  account  of  its  differing  from  amber  in  its  deport- 
vith  solvents,!  in  not  yielding  crystals  of  succinic  acid 
tillation,  and  in  having  a  somewhat  different  ultimate 
sition.  The  name  retinite  as  used  by  some  mineralogists 
onvenient  general  term  to  include  such  substances  as 
owite,  Krantzite,  Jaulingite,  Rosthornite  and  the  Cedar 
esin,  which  last,  by  way  of  distinguishing  it  from  other 
B8,  may  be  called  Chemawinite  (from  Chemahawin  or 
lyin,  the  Indian  name  of  a  Hudson  Bay  post,  not  far 
irhere  the  resin  occurs). 

ugh  the  origin  of  this  substance  is  not  certainly  known, 
»n  be  little  doubt  that  it  has  been  derived  from  one  of 
rtiary  or  Cretaceous  lignites  occurring  on  the  Saskatche- 
Some  of  these  are  known  to  contain  resins,  one  of  which, 
led  by  the  writer,  was  not  essentially  very  different  from 
3dar  Lake  material.  It  behaved  similarly  on  heating, 
fiardness  of  over  2,  a  specific  gravity  of  1*066,  and  dis- 
in  absolute  alcohol  to  the  extent  of  29  30  per  cent. 
16  of  the  larger  pieces  of  the  Cedar  Lake  resin  might, 
>e,  be  employed  for  ornamental  purposes  (beads,  etc.), 
>88ibly  the  material  might  be  utilized  by  the  varnish- 
This  question  will  be  discussed  when  the  examination 

resin  is  completed. 

be  last  aoaljsis,  as  given  by  Watts,  there  is  an  error.  The  total  is  giyen 
yhereas  it  is  really  only  99*80.  It  is  here  assumed  that  the  error  is  on 
pen — the  constituent  determined  by  difference.  A  similar  error  occurs  in 
r^s  analysis  of  amber,  as  given  by  Dana. 

Btatements  in  works  on  mineralogy  with  regard  to  fossil  resins  are  often 
id  sometimes  conflicting.  Thus,  in  speaking  of  the  action  of  such  solvents 
^1  or  ether,  we  are  told  nothing  as  to  the  strength  of  the  solvent,  the  dura- 
ts  action,  etc.,  and  the  results  given  are,  therefore,  often  of  little  valuA. 
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Art.    XXXIII.  —  Geohgical    Horizons    as    determined  jy 
Vertebraie  Fossils  ;*  by  O.  C.  Marsh.    With  Plate  XK 

In  1877.  tlie  anthor  endeavored  to  bring  together  some 
results  of  liia  reaearchee  iu  the  Rocky  mountain  region  and 
in  other  parts  of  the  country,  relating  to  the  eucceseion  of 
vertebrate  life.f  This  led  to  a  coinpariBon  of  the  relative  value 
of  the  three  different  groups  of  fossils;  plants,  invertebnittt, 
and  vertebrates,  in  marking  geological  time.  In  exaiuiciu 
the  subject  with  some  care,  the  author  found  tliat,  for  thi* 
purpose,  plants  are  not  satisfactory  witnesses;  that  invertebrate 
animals  are  much  better ;  hut  that  vertebrates  afford  the  mot 
reliable  evidence  of  climatic  and  other  geological  changes. 
The  subdivisions  of  the  latter  gronp,  and,  in  fact,  all  forms  of 
animal  life,  are  of  value  in  this  respect,  mainly  according  ta 
the  perfection  of  their  organization,  or  zoological  rack.  Fishes, 
for  example,  are  hut  slightly  afieeted  by  changes  that  woaM 
destroy  Koptiles  or  Birds,  and  the  higher  Maniiuals  succumk 
under  influences  that  the  lower  forms  pass  through  in  safc^. 
The  special  aupltcations  of  this  general  law,  and  ita  vatne  id 
geology,  readily  suggest  themselves. 

In  accordance  with  this  principle,  the  author  next  attetuptod 
to  d<:fine  the  principal  geological  horizons  iu  the  West  whidi 
he  had  personally  investigated,  and  then  taking  in  each  the 
largest  and  most  dominant  vertebrate  form  which  characterized 
it,  nsed  the  name  for  the  horizon.  In  the  same  way,  some  of 
the  principal  horizons  of  the  East  were  named,  and  the  whole 
brought  together  in  a  section  to  illustrate  vertebrate  life  ii 


det€)*mined  by  Vertebrate  Fossils,  337 

iiscoveries  have  been  made,  especially  in  the  West,  and  much 
information  bearing  on  the  subject  has  been  obtained  from 
imrious  quarters.  In  1884,  the  author  revised  and  extended 
the  first  section  for  his  monograph  on  the  Dinooerata^  and  it 
seems  fitting  on  the  present  occasion  to  bring  together  once 
tnore  some  of  the  later  evidence,  and  place  on  record  the  more 
important  horizons  now  known  to  the  author  by  personal 
exploration,  or  by  other  investigations  which  he  has  verified. 

The  accompanying  section,  Plate  XII,  is  designed  to  represent 
in  outline,  in  their  geological  order,  the  successive  horizons  at 
present  known  with  certainty  from  characteristic  vertebrate 
fossils.  The  correlation  of  these  horizons  with  those  deter- 
mined on  other  evidence  is  important,  and  considerable  progress 
in  this  direction  has  already  been  made,  but  the  results  cannot 
be  presented  here. 

In  comparing  the  present  section  with  the  one  first  published 
by  the  author,  it  will  be  noticed  that  no  vertebrates  are  yet 
nown  in  the  Archaean  or  Cambrian,  but  a  single  fortunate 
discovery  in  Colorado  has  recently  carried  back  the  first  known 
Kppearance  of  Fishes,  from  the  lower  Devonian  to  the  lower 
Bilarian,  or  more  specificallyj  from  the  Schoharie  Grit  to  the 
Trenton. 

The  next  point  of  importance  is  in  the  Triassic,  in  the  horizon 
of  the  Connecticut  river  sandstone  where  so  many  foot-prints 
have  been  found,  and  attributed  to  Birds.  Recent  discoveries 
in  these  beds  have  shown  that  at  least  three  distinct  forms  of 
eamivorous  Dinosaurian  reptiles,  all  of  moderate  size,  lived  at 
that  period,  and  doubtless  did  their  share  in  leaving  foot-prints 
behind  them.  In  two  of  the  skeletons  secured,  the  bones  of 
ihe  hind  feet  are  still  in  position,  and  in  life  could  have  made 
•ome  of  the  foot-prints  previously  discovered. 

Near  the  base  of  the  Jurassic,  a  new  horizon  may  now  be 
defined  as  the  Hallopus  beds,  as  here  alone  remains  of  the 
remarkable  reptile  named  by  the  author  IlaUopus  victar  have 
been  found.  Another  diminutive  Dinosaur,  NanosauniSy 
occurs  in  the  same  strata.  This  horizon  is  believed  to  be 
lower  than  the  Baptanodon  beds,  although  the  two  have  not 
been  found  together.  The  Hallopus  beds  now  known  are  in 
Colorado,  below  the  Atlantosaurus  beds,  but  quite  distinct 
from  them. 

The  Baptanodon  beds  have  been  found  at  many  localities, 
n  Dakota,  Wyoming,  and  northern  Utah,  everywhere  beneath 
lie  Atlantosaurus  beds,  and  having  below  them,  at  various 
ocalities,  a  series  of  red  beds,  which  may,  perhaps,  contain  the 
Sallopus  horizon,  but  are  generally  regarded  as  Triassic. 

Beside  the  two  species  of  Baptanodon  described  by  the 
uithor,  the  next  vertebrate  in  importance,  in  the  same  horizon, 
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18  a  small  Plesiosanr,  wliieli  inav  l)e  called  J*an>- 
One  specimen  oiil,v  has  lieen  found  in  northern 
The   AtlantosiuriiR   heds   of   tlie   upper   Ju, 
known  to  be  one  of  tlie  liewt  inarkcl  liorizons 
Tlicy  have  been  tiiiced  for  more  than  foui- 
alonj;  the  eastern  Hank  of  the  llockj  monm 
everywhere  contain  givnt  numbers  of  foiwil   ' 
cially  pifrantic  Dinosaurs  and  other  reptiles.  : 
diminutive  mammals  of  primitive  types,     1  ' 
have  been  found  on  the  western  slope,  with 
beds  l)eneatli  them. 

The  most  remarkable  of  the  new  horiz" 
Hiine<l  are  the  Ceratoiis  bcdi;  in  tlie  Laramie 
of  the  Crctaeeoiis.     This  liorizon  is  as  etron 
of  the  Atlantosanrus  beds,  and  has  now  bee' 
eight  hundred   miles  along  the  eastern   h 
monntains.     Toward   the   north,   it   is    un 
Cretaceous   sti-ata   containing    Fox    Hill 
south,  vaiions  older  formations  are  found  i 
it     The  overlying  strata,  when  present,  ^|*^^" 
age.     The  Fort  Union  Eoc«iie  beds  on  ftfx^ 
Brontotherium  beds  of  the  Miocene  ill-Jt    "**. 
south  in  Colorado  the  Pliohippus  badfcifc  ~v 
be   seen    ininiediatuty    above.     The   red 
Ceratops  beds  is  reiuarkHhly  rich  and   ' 
homed  Diuoeauni  named  by  the  autltop 
cially  abound,  MMMortDiue  the  horizon 
.  Dinosaurs  at-e|^^^^&|t  Mid  n  few  Birik 
(of  Mesozoi^^^^^HrilW  >     "<  ^^ecum 
Inthej^ Tertit. 
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mia.  thick  and  50  mm.  high,  contained  in  a  thin  glass  vessel 
Toanded  by  three  glass  beakers  to  protect  it  from  outside  heat, 
¥as  found  possible  to  maintain  it  at  atmospheric  pressure  at  its 
iling  point —•181-4°  for  half  an  hour  or  more;  and  thus  to 
>mit  it  to  observation  for  that  time.  The  four  absorption 
Q<}s  above  mentioned  were  observed,  and  in  addition  a  fifth 
ad  corresponding  to  the  Fraunhofer  line  A,  more  intense  than 
)  band  of  wave  length  535  but  less  so  than  the  others.  No  ab- 
*ption  band  corresponding  to  the  line  B  was  seen.  In  1883 
aid  oxygen  was  described  as  colorless  ;  but  with  larger  quan- 
ies,  the  author  has  noticed  that  in  a  layer  of  greater  thickness 
in  15  mm.,  it  has  a  distinct  blue  color  by  transmitted  light. 
ice  special  care  wfis  taken  in  the  purification  of  the  gas,  and 
ce  ozone  was  proved  to  be  absent,  the  author  believes  this  color 
be  characteristic  of  liquid  oxygen.  Moreover,  he  suggests 
It  the  blue  color  of  the  sky  may  be  due  to  the  oxygen  in  the 
Qosphere. — An7i.  Phys,  Chem,^  II,  xlii,  663  ;  J,  Chem,  Soc,  Ix, 
5,  July,  1891.  '  G.  F.  B. 

3.  On  the  Production  of  Ozo7ie  in  Rapid  Combustion, — The 
»tement  of  Ilosvay  that  ozone  is  not  produced  in  rapid  com- 
Btion  having  been  questioned,  he  has  reexamined  the  matter 
d  concludes  that  the  tests  by  which  the  presence  of  the  ozone 
s  established  by  Loew  and  Cundall  were  not  satisfactory.  He 
ds  that  neither  in  the  products  of  combustion  nor  in  the  air 
cen  from  around  a  flame  is  any  substance  present  which  (1) 
res  the  odor  of  ozone,  (2)  renders  thallous  oxide  paper  brown, 
(3)  permanently  decolorizes  a  solution  of  sulphophenyl-azo-a- 
phthylamine  so  that  naphlhylaniine  no  longer  restores  the 
or.  By  carefully  depriving  the  gas  used  of  sulphur  compounds, 
obtained  in  only  a  single  experiment  a  reaction  with  thallous 
ide  paper  ;  and  this  after  about  seven  liours.  Taking  special 
M^aations  to  keep  the  temperature  of  the  flame  low,  however, 
1  employing  a  special  collecting  apjiaratus,  he  obtfiined  the 
illous  oxide  reaction  in  about  4  to  5  minutes  and  the  other  re- 
ion  in  10  to  15  minutes.  Examined  in  this  way  the  author 
ds  the  flame  of  methane  to  give  less,  the  flames  of  hydrogen 
1  carbon  monoxide  more  ozone  than  that  of  illuminating  gas. 
)reover  it  appears  that  the  relative  amounts  of  nitrous  acid  and 
>ne  formed  by  a  flame  dejiend  upon  its  temperature  and  upon 
surface  ;  the  ozone  formation  being  favored  by  a  low  temper- 
ire.  Oxygen  did  not  give  as  good  results  as  air.  Even  if  the 
ygen  is  partially  converted  into  ozone  by  blowing  a  current  of 
8  gas  or  of  air  on  a  flame,  this  fact  the  author  thinks  does  not 
Atradict  his  statement  that  ozone  is  not  formed  during  rapid 
nbustion.  These  results  agree  with  those  of  Dewar  and  those 
Elster  and  Geitel.  The  former  chemist  ozonized  oxygen  by 
Ming  it  over  white  hot  platinum.  Since  therefore  the  condi- 
•D8  essential  to  the  production  of  ozone  are  not  present  in  ordi- 
ry  combination,  this  cannot  be  the  source  of  the  ozone  of  the 
nosphere. — SuU.  Soc,  Chim.,  Ill,  iv,  707  ;  J.  Chem.  Soc.^  Ix, 
B,  Jnly,  1891.  G.  F.  B. 
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S.  On  SiUphvryl  Peroxide. — By  the  action  of  the  eilent  electric 
discharge  upon  a  mixture  of  either  sulphuric  oxide  or  SDlphuroa» 
oxide  and  oxygen,  Berthelot  obtained  several  years  ago  s  crystal- 
lized compound  tc  which  he  gave  the  name  persulpburic  acid  and 
the  formula  SO,.  The  name  Hubstance  was  also  obtained  hy 
Berthelot  by  tne  electrolysis  of  a  40  per  cent  sulphuric  acid 
Shortly  afterward  Traubk  made  a  preliminary  examination  of 
thin  compound  and  concluded  that  its  formula  wae  SO,  and  not 
S,0,  ;  and  further  that  it  was  not  an  acid  oxide  as  Berthelot  sap- 
posed,  but  a  neutral  substance,  sulphuryl  peroxide.  The  pretient 
paper  deals  with  the  analytical  results  of  nie  investigation.  Al- 
though he  has  not  succeeded  In  isolating  the  peroxide,  he  has 
obtained  it  free  from  the  40  per  cent  sulphuric  acid  in  which  it 
was  dissolved.  This  was  done  by  diluting  the  solution  with  S  to 
4  times  its  volume  of  water  and  adding  to  it  freshly  prepared 
barium  phosphate.  The  sulphuric  acid  is  thrown  down  as  barium 
Mulphate  and  the  filtrate  contains  the  peroxide  dissolved  in  phos- 
phoric acid  with  some  barium  phosphate.  It  does  not  seem  capa- 
ble of  existing  in  solution  in  pure  water.  As  the  peroxide  easily 
evolves  oxygen  and  is  reduced  to  sulphuric  oxide,  the  composition 
of  the  dissolved  compound  was  ascertained  by  taking  a  knoivn  vol- 
ume of  the  solution,  determining  first  the  active  oxygen  therein  by 
a  known  solution  of  ferrous  sulphate,  titering  back  with  perman- 
ganate, and  then  the  sulphuric  acid  as  barium  sulphate.  Id  two 
experiments,  the  active  oxygen  was  found  to  be  9'82  and  35'fl6 
milligrams,  the  SO,  present  being  49'5  and  1 78'S  ;  giving  the  raiio 
1  ;  5-1  and  I  :  5  in  the  two  cases.  Hence  16  parts  active  oxygen 
are  combined  with  80  parts  of  SO, ;  i.  e.,  SO  -(-O  =  SO, ;  or  per- 
haps (SO,)  -I-  O,  =  S,0,.  In  order  to  determine  its  nentral  char- 
acter, the  electrolyzed  sulphuric  acid  after  dilution  with  one  to 
two  ].;irls.>f' w:iU-raL(il  .■<M)liiii.'  U.  -10°,  wai-  saturate!  with  diliitt  | 
tin-  SO,.     On  boi 
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in  this  solution  and  also  decreased  the  quantity  of  the  active 
oxygen  as  determined  by  the  iodine  method.  The  author  regards 
this  compound  either  as  sulphuric  oxide  in  which  a  single  atom 
of  oxygen  is  replaced  by  a  double  one,  S0,(0,)  or  as  hydrogen 
peroxide  in  which  the  hydrogen  is  replaced  by  SO,,  corresponding 
to  Brodie's  class  of  neutral  peroxides.  Berthelot's  S,0,  he  regards 
as  SO^  +  SO,.  Since  in  not  too  dilute  sulphuric  acid,  it  dissolves 
without  evolution  of  oxygen,  the  equation  S,0,-|-H,0  =  H,SO^  + 
SO^  shows  the  identity  of  the  product  thus  obtained  with  that 
produced  by  electrolysis. — Ber.  BerL  Chem.  Oes.,  xxiv,  1764, 
June,  1891.  g.  p.  b. 

4.  A  Dictionary  of  Applied  Chemistry;  by  T.  E.  Thorpe 
assisted  by  eminent  contributors.  Vol.  II,  714  pp.,  8vo.  Lon- 
don, 1891,  (Longmans,  Green  &  Co.) — The  first  volume  of  the 
Dictionary  of  Applied  Chemistry — the  successor,  on  the  techni- 
cal side,  to  Watts's  Dictionary  of  Chemistry — was  noticed  in 
volume  xxxix  of  this  Journal,  (p.  519).  The  second  volume  has 
now  appeared  and  carries  the  work  on  from  Eau  to  Nux,  and 
hence  the  completion  of  the  whole  may  be  looked  for  at  an  early 
date.  Some  of  the  more  important  subjects  discussed  at  length, 
and  in  many  cases  with  liberal  illustrations,  are  the  following  : 
Explosives,  by  W.  H.  Deering  ;  fermentation,  by  P.  F.  Frank- 
land  ;  fuel,  by  B.  H.  Brough  ;  coal  gas,  by  Lewis  Wright ;  gold, 
by  E.  J.  Ball ;  india  rubber,  by  C.  A.  Burghardt ;  iron  by  Thomas 
Turner  ;  lead  by  P.  P.  Bedson  ;  matches,  by  E.  6.  Clayton  ; 
napthalene,  by  \V.  P.  Wynne.  The  same  thorough  but  concise 
treatment  before  noted  characterizes  this  volume  and  makes  the 
work  as  a  whole  indispensable  to  all  interested  in  any  of  the 
many  departments  of  technical  chemistry. 

6.  Me'isuremefft  of  time  of  Rotatioix. — The  ordinary  methods 
of  determining  the  time  of  very  rapid  rotation  depend  in  general 
upon  the  contact  of  a  stylus  on  the  [)rong  of  a  tuning  fork  with 
a  rotating  wheel  or  cylinder,  or  on  the  use  of  the  electric  spark 
with  a  pendulum  to  indicate  the  time  of  rotation.  K.  Prytz 
departs  from  both  of  these  metliods  and  employs  a  falling  body 
apon  or  against  which  the  rapidly  rotating  body  spirts  a  fine  jet 
of  coloring  matter.  In  this  way  retardation  of  contacts  is  pre- 
vented, and  the  time  is  referred  directly  to  the  time  of  a  falling 
body.  The  author  gives  in  detail  the  method  of  holding  the 
small  glass  tube  containing  the  coloring  matter,  and  the  method 
of  obtaining  the  records.  Examples  of  determination,  of  time 
by  this  method  are  given  and  the  author  claims  that  the  time  of 
a  complete  revolution  of  his  apparatus  could  be  determined  to 
0*00002  of  a  second. — Ann,  der  Physik  luul  Chemie,  No.  vii,  1891, 
pp.  638-651.  .1.  T. 

6.  Method  of  determining  Specific  Heat  by  means  of  the 
Electrical  Currerit. — The  method  of  determining  specific  heats 
by  the  use  of  Joule's  law  has  not  proved  useful,  except  in  non- 
conducting liquids.  Professor  Ppaundler  has  obviated  the 
difficulty  of  conduction  through  the  liquid  by  employing  glass 
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spirals  filled  with  mercury.  These  spirals  were  placed  in  a 
Wheatsione's  bridge  in  order  to  control  the  ratio  of  the  resiei- 
ance  during  the  flowing  of  the  current  and  to  keep  it  constant. — 
Wiener  Berichte,  April  9,  1891.  j.  T. 

7.  Optical  relation  of  Organic  Dyes. — E.  Vogbl  discussed 
the  sensitizing  powtr  of  the  various  compounds  of  eosine  auil 
gives  charts  of  the  sensitizing  power.  He  recommends  for  ortho- 
chromatic  photography  that  ordinary  dry  plates  containing  a 
weak  amount  of  iodide  of  silver  shoald  be  bathed  in  the  follow- 
ing: 25°'^'°  solution  of  ihe  coloring  matter,  erylhrosine,  in  water, 
{1:1000);  0-5""  solution  nitrate  of  silver  (1:20  water);  2""" 
ammonia,  spec,  grav,  094;  75"'"  distilled  water.  The  author 
finds  that  the  eosine  dyes  which  are  the  most  strongly  fluorescent 
are  the  poorest  sensitizers.  Among  the  other  conclusions  of  tb" 
writer  we  find  the  following  :  The  sensitizing  power  of  the  eosine 
dyes  depends:  1.  On  the  sensitiveness  to  light  of  the  dye.  -l.  On 
the  proportii>n  of  light  lays  that  is  absorbed  in  other  than  chem- 
ical work.  The  more  energy  of  the  latter  that  is  consumed  in 
other  than  chemical  work  the  smaller  the  chemical  action. — Awi. 
tier  Phyaik  unci  Chemie,  No.  vii,  Ifl9t,  pp.  449-472.  j.  t. 

8.  Maxini'x  Mifing  Mac/iitie. — It  is  stated  that  Mr,  Maxim  is 
now  constructing  a  flying  machine  at  Craylord,  which  is  nearly 
ready  for  launching.  "  It  will  be  propelled  by  a  light  screw 
making  2.50U  revolutions  per  minute.  The  motive  power  is  said 
to  be  a  petroleum  tondensiug  engine  weighing  eighteen  hundreil 
pounds,  and  capable  of  raising  a  forty  thousand  pound  load. 
The  real  suspending  |>owerwill  lie  in  an  enormous  kite  measuring 
110  feet  long  and  40  leet  wide." — Nature,  Julv  30,  1891.     j.  t. 

9.  timnll  Electrometers. — At  a  meeting  of  the  Physical  Society 
held  in  Ix)ndon,  June  26,  Proft'ssor  Botb  described  small  portable 
electrometers  of  his  design.     In   one  i>f  ihesc    the    iit.-edle    was 
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ences  promises  to  give  an  insight  into  the  relation  between  the 
character  of  the  light  and  the  distribution  of  light  in  its  spectral 
lines. — A1v^,  der  Physik  und  C/iemiCy  pp.  790-807,  no.  8,  1891. 

J.  T. 

11.  Thoitght  transference, — Professor  Lodge,  President  of  the 
section  of  Mathematics  and  Physics  at  the  late  meeting  of  the 
British  Association,  used  the  following  language  :  "  May  there 
not  also  be  an  immaterial  (perhaps  an  etherial)  medium  of  com- 
munication ?  Is  it  possible  that  an  idea  can  be  transferred  from 
one  person  to  another  by  a  process  such  as  we  have  not  yet  grown 
accustomed  to,  and  know  practically  nothing  about?  In  this 
case  I  have  evidence.  I  assert  that  I  have  seen  it  done  and  am 
perfectly  convinced  of  the  fact." — Nature,  Aug.  20,  1891,  p.  386. 

J.  T. 

II.   Geology. 

1.  Fifth  Triennial  Meeting  of  the  International  Congress  of 
Geologists. — The  International  Congress  commenced  its  sessions 
at  Washington,  on  Wednesday,  the  26th  of  August.  The  meet- 
ing was  called  to  order  by  Prof.  T.  McKenney  Hughes,  of  Cam- 
bridge, England.  After  the  election  of  officers,  in  which  Dr.  J. 
S.  Newberry  was  chosen  President,  the  chair,  in  the  absence  of 
Dr.  Newberry,  was  taken  by  Prof.  Joseph  LeConte,  one  of  the 
Vice-Presidents.  The  principal  subjects  discussed  during  the 
sessions  are  the  following  :  The  Ice-period  in  America  and  north- 
ern Europe  and  the  classification  of  pleistocene  formations,  which 
was  opened  by  President  T.  C.  Chamberlin  and  occupied  Thurs- 
day ;  the  Correlation  of  European  and  American  geological  for- 
mations, opened  by  Prof.  G.  K.  Gilbert,  occupying  Friday  ;  the 
Graphic  system  used  in  geological  work,  opened  by  Major  Powell, 
on  the  forenoon  of  Monday.  The  afternoon  of  that  day  was 
given  up  to  discussions  relating  to  the  geology  of  the  regions  to 
be  visited  by  the  Western  excursion. 

On  the  subject  of  Correlation,  the  value  of  the  effects  of  physi- 
cal events  or  conditions  and  of  relations  in  flora.  In  fauna,  in  In- 
vertebrate species  and  Vertebrate  species  was  variously  discussed. 
The  weight  of  opinion  appeared  to  favor  the  view  that  Verte- 
brate species,  when  present,  afforded  the  best  evidence  as  to 
chronological  relations.  Prof.  Zittel  gave  the  highest  place  to 
Vertebrates.  An  abstract  of  Prof.  Marsh's  remarks  is  contained 
in  the  paper  on  page  336. 

The  next  meeting  of  the  Congress,  or  that  of  1894,  will  be  held 
in  Switzerland,  probably  at  Berne ;  and,  on  special  invitation  re- 
ceived from  the  Geological  Survey  of  Russia,  the  following,  in 
1897,  will  probably  be  held  in  St.  Petersburg. 

The  party  for  the  excursion  to  the  Yellowstone  Park,  Colorado, 
etc.,  included  about  eighty  members  of  the  Congress,  of  which 
more  than  half  were  those  from  abrbad.  The  following  ladies 
were  of  the  number  :  Miss  Mary  Forster  of  London,  Mrs.  Mary 
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Caroliue  Hughes  of  Cambridge,  England,  Madame  Marie  Pavlow 
of  Moscow,  Madame  Henriette  Sihleano  of  Bucharest,  Roumania, 
Madame  Jllaria  G.  Stefaneacu  of  Bucharest,  Mrs.  S.  F..  Emmons, 
Miss  Mary  G.  Markoe  and  Miss  C.  A.  Smith,  of  Washiogton,  and 
Mrs.  H.  S.  Williams  of  Ithaca.  Through  the  Park  the  party  ha» 
the  special  guidance  of  Messrs.  Hague  and  Iddings.  The  excur- 
sion  will  occupy  25  days  ;  or  for  those  who  go  also  to  the  Colorado 
Caiion,  an  additional  ten  days.  The  latter  trip  is  ander  the  di- 
rection of  Major  Powell.  A  geological  guide-book  of  150  pages, 
prepared  by  Mr.  S.  F.  Emmons,  was  distributed  to  membere  of  the 
party.     The  parly  left  Washington  on  the  second  of  September. 

2.  The  Geological  Society  of  America. — The  Geological  So- 
ciety held  its  Slimmer  meeting  in  Washington  on  the  24th  and 
25th  of  August.  The  President  of  the  Society,  Prof.  Alexander 
Winchell,  having  died  since  the  preceding  meeting,  the  chair  was 
taken  by  Prof.  G,  K.  Gilbert,  Vice-President.  Resolutions  In 
honor  of  the  late  President  prepared  by  a  committee  were  offered 
by  the  chairman.  Prof.  Orton.  An  excellent  memorial  of  Dr. 
Winchell  was  read  by  his  brother  Prof.  N.  H.  Winchell. 

Many  foreign  geologists  were  present  at  the  meeting  of  the 
society  and  several  presented  papers  having  an  American  impor- 
tance ;  among  these  were  Prof,  Alexia  Pavlow,  of  the  Uni- 
versitv  of  Moscow-,  on  the  marine  beds  terminating  the  Jurassic 
and  Cretaceous  and  on  the  history  of  their  fauna  ;  Dr.  Gus- 
tav  Steinmann  on  a  geological  map  of  South  America ;  Dr. 
Friedrich  Schmidt,  on  the  Eurypterus  beds  of  Oesel  as  compared 
with  those  of  the  Waterlime  of  North  America  ;  Baron  Ger&ld 
de  Geer,  of  Stockholm,  on  the  Quaternary  changes  of  level  in 
Scandinavia ;  Prof.  A.  N.  Krassnof,  of  Russia,  on  the  black 
earth  of  the  steppes  of  southern  Russia  and  its  relations  to  the 
soil  of  the  American  prairies.  Of  the  other  valuable  papers,  that 
of  C,  P.  Wnlcott,  on  the  Lo         " " 
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organization  and  explaining  the  objects  of,  and  the  results  to  be 
derived  from,  such  an  official  organization.  The  following  are 
among  the  important  objects  in  view  : 

The  determination  of  the  proper  objects  of  public  geological 
work  ;  the  improvement  of  methods  *;  the  unification  of  methods  ; 
the  establishment  of  the  proper  relative  spheres  and  functions  of 
national  and  state  surveys  ;  cooperation  in  works  of  common  in- 
terest and  the  prevention  of  duplication  of  work  ;  the  inaugura- 
tion of  surveys  by  states  not  having  such  at  present  to  cooperate 
with  the  other  state  surveys  and  with  the  national  survey. 

A  committee  of  six  was  elected  to  consider  the  matter  of 
organization,  with  the  power  to  frame  a  constitution  and  by-laws, 
to  be  reported  to  the  association  at  a  time  and  place  to  be  selected 
by  the  committee.  This  committee  consists  of  Maj.  J.  W.  Powell, 
chairman,  and  Prof.  E.  A.  Smith,  Prof.  J.  A.  Holmes,  Dr.  J.  C. 
Branner,  Mr.  Arthur  Winslow,  and  Prof.  N.  H.  Winchell.  At  the 
meeting  of  the  Committee,  Saturday  evening,  Aug.  29,  the  secre- 
tary, Mr.  Arthur  Winslow,  was  instructed  to  draft  a  constitution 
and  by-laws  to  be  submitted  to  the  committee  at  a  meeting  to  be 
called  in  connection  with  the  annual  meeting  of  the  Geological 
Society  in  December  next.  The  object  of  the  association  is  an 
important  one  and  much  good  should  come  from  it. 

4.  The  JFau7ia  of  the  JLoicer  Cainbrian  or  Olenellus  Zone;  by 
C.  D.  Walcott.  pp.  511  to  774,  with  plates  xliv  to  xcviii  of  the 
Tenth  Annual  Report  of  the  Director  of  the  U.  S.  Geol.  Survey. 
— Mr.  Walcott,  who  has  added  greatly  by  his  labors  to  the 
knowledge  of  Cambrian  life  and  geography,  gives  a  review  in 
this  memoir  of  his  former  work  on  the  fauna  of  the  Lower 
Cambrian,  with  additions  from  his  more  recent  results.  After  a 
chapter  on  the  history  of  Cambrian  discovery,  the  stratigraphy  * 
of  the  Cambrian  is  reviewed  and  its  distribution  over  the  Ameri- 
can continent  and  elsewhere,  as  at  present  known,-  is  described. 
The  latter  subject  is  illustrated  as  regards  America  by  a  map  on 
which  sections  are  drawn  for  each  locality  having  their  relative 
heights  ;  and  the  former  by  various  actual  sections,  some  of 
which  show  contacts  with  older  rocks.  Mr.  Walcott  observes 
that  the  fauna  lived,  not  on  the  outer  coasts  of  America  but  in 
interior  straits  or  channels  between  emerged  ranges  of  older 
rocks  ;  that  it  occupied  the  eastern  and  western  portions  of  the 
continent,  but  that  "as  far  as  known,  the  Lower  Cambrian  is 
absent  from  the  interior  of  the  continent,"  indicating  thereby, 
he  says,  very  uniform  condition  over  the  central  portions.  He 
remarks  that  the  Upper  Cambrian  sea  is  shown  to  have  been 
transcontinental  bv  the  presence  of  identical  species  of  fossils  in 
Northern  New  T^ork,  Lake  Champlain  valley,  St.  Lawrence 
valley,  Tennessee,  Alabama,  Wisconsin,  Minnesota,  Texas,  the 
Black  Hills  of  Dakota,  Nevada  and  Montana.  In  the  Olenellus 
period,  also,  there  was  a  similar  assemblage  of  forms  on  the 
opposite  sides  of  the  Continent. 

The  chapter  on  the  Geographical  distribution  goes  into  details 
as  to  the  rocks  and  species  of  each  locality  over  the  Continent, 


346  Scienti^  Intelligence. 

witfa  comparisons  of  the  special  fnuna.  It  is  follonred  by  snotiier 
on  the  relatioiiB  of  the  Lower  Oambrian  faana  to  those  of  the 
overlying  Cambrian. 

This  latest  review  of  the  species  makes  the  tribes  repreeented 
in  the  American  Lower  Cambrian  iaclude  :  Sponges  of  four 
f^enera  ;  Hydrozoa  of  the  group  of  Graptolites,  and  perham 
Medusffi  ;  Actinozoa  or  true  Coral  polyps  ;  Echinoderms,  of  the 
group  of  CyKtide  ;  Annelids  ;  Brachiopods  of  10  genera  and  26 
species  ;  Lamellibranchs,  probably  of  two  species  ;  Oasteropods, 
of  the  genera  Stenotheca,  Platyceras  and  Pleurotomaria  ;  Ptero- 
pods,  of  4  genera  and  15  species  ;  Crustaceans  of  Ostracoid  type, 
of  the  genera  Leperditia,  Aristozoe  and  Isoxys  ;  and  of  "the 
Phyllopod  type,  in  his  Protocaris;  and  Trilobites  of  16  genera 
and  53  species. 

Notes  of  new  facts  and  views  relating  to  the  genera  and 
species  follow,  his  former  papers  being  referred  to  for  full 
descriptions.  Fifty  plates  of  figures  of  ^e  various  species  close 
the  memoir.  Mr.  Walcott  observes  that  nothing  is  learned  from 
the  rocks  with  regard  to  the  genesis  of  these  Lower  Cambrian 
types. 

5.  Melaiioti  of  secular  Rock-dia integration  to  certain  trangi- 
tional  rryataUine  schiaU ;  by  R.  Pumpkllt  (Bull.  Oeol.  Soc. 
Amer.,  ii,  2w9). — This  paper  is  a  very  valuable  contribution  to 
geological  science.  Some  of  its  facts  and  conclusions  are  here 
cited.  A  dike  of  basic  rocks  intersecting  the  jpre-Cambriati 
Clarksburg  mountain  gneiss,  near  Williamstown,  Mass.,  does  not 
pass  up  into  the  overlying  Cambrian  quartzyte.  The  dike 
bears  evidence  of  having  been  decayed  before  covered  by  the 
quartzyte  ;  and  thus  leads  to  the  conclusion  that  the  region  was 
dry  land  before  the  deposition  of  the  Cambrian.  In  Hoosic 
MinmliLin,  whifh  haw  .i  core  of   prf-Canibrian  criiiiiioiil   iriioisN 
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this  decay.  The  apparent  conformity  in  foliation  is  due  to  the 
shearing  action  consequent  on  the  slipping  movement. 

About  Iron  Mountain,  Missouri,  Mr.  Pumpelly  obser>'ed,  in 
1873,  evidence  of  ancient  disintegration,  and  pointed  out  a  con- 
glomerate at  the  base  of  the  mountain  as  of  Silurian  age,  and  a 
result  of  pre-Silurian  disintegration.  Borings  recently  made  by 
Prof.  W.  B.  Potter  have  resulted  in  the  discovery  of  extensive 
areas  of  residuary  ore-fragments  lying  on  the  pre-Silurian  sur- 
face. 

Mr.  Pumpelly  has  under  investigation  the  Archaean  rocks  of 
New  £ngland  and  their  relations  to  the  associated  rocks,  and  his 
paper  shows  that  he  has  already  reached  results  of  great  import- 
ance. 

6.  7%€  Greylock  Sy7icU7iorium:  T.  Nelson  Dale  (American 
Geologist,  July,  1891). — This  paper  is  an  abstract  of  a  Report  to 
R.  Pumpelly,  U.  S.  Geological  Survey.  The  chief  conclusion 
confirms  the  view  of  Emmons  and  later  observers  that  the  Grey- 
lock  mountain  mass  is  synclinal  in  general  structure.  The 
author  makes  it  a  combination  of  synclinals  and  anticlinals,  but 
chiefly  of  two  large  synclinals.  His  paper  is  illustrated  by  one 
of  the  several  sections  which  will  appear  in  the  full  report. 

7.  Report  on  the  Arkansas  Geological  Survey  for  1888,  Vol. 
IV.  John  C.  Bbaxnkr,  State  Geologist.  262  pp.  8vo,  with 
many  plates.  Little  Rock,  Ark.,  1891. — This  concluding  volume 
of  the  Report  for  1888,  is  occupied  with  an  account  of  the 
geology  of  Washington  Co.,  by  F.  W.  Simonds,  Assistant  Geolo- 
gist, and  a  list  of  the  plants  of  Arkansas  by  J.  C.  Branner  and 
F.  P.  Coville.  The  rocks  include  four  strata  of  limestone  alter- 
nating with  sandstones  and  shales  of  the  Lower  Carboniferous 
(Subcarboniferous),  with  a  thin  stratum  of  shale  at  the  base, 
probably  Devonian,  and  the  Millstone  Grit,  of  the  "  Barren  Coal 
Measures,"  at  the  to]).  The  lowest  limestone  abounds  in  chert. 
The  greatest  thickness  given  for  the  Millstone  grit  is  600  feet, 
and  for  the  formations  below  less  than  300  feet. 

8.  Tungsten  ininerah  m  Canada  ;  by  W.  F.  Ferrier,  Geol. 
Survey  ol  Canada.  Communicated  by  permission  of  the  Director, 
Alfbed  R.  C.  Selwyn. — I  have  lately  made  an  interesting  dis- 
covery of  tungsten  minerals  at  a  Canadian  locality,  some  of  them 
occurring  in  remarkably  line  crystals.  This  is  the  first  time 
that  this  metal  has  been  noted  in  Canada.  A  detailed  descrip- 
tion is  in  preparation  and  will  shortly  appear. 

Gteological  Survey  of  Canada,  Ottawa. 

III.  Botany. 

1.  Some  Museums  and  Botanical  Gardens  in  the  Equatorial 
Belt  and  in  the  South  Seas  (Third  Paper). — Before  describing 
the  remaining  gardens  in  Australasia,  it  will  be  well  to  make 
mention  of  the  Technological  Museum  at  Sydney,  which  contains 
illustrations  of  the  valuable  treatise  on  the  useful  plants  of  Aus- 
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tralia,  by  Mr.  J.  H.  Maiden.  After  the  fire  whiufa  destroyed  the 
Sydney  Exhibition  building,  in  September,  1882,  Mr.  Maiden 
began  the  discouraging  task  of  forming  a  new  collection  of  tech- 
nological products.  The  building  which  was  placed  at  his  dis- 
posal was  formerly  the  Agricultural  Hall  of  the  Exhibition,  and 
IS  only  poorly  adapted  to  the  purpose  of  displaying  specimeas. 
In  the  part  of  this  simple  structure  which  is  in  his  charge,  he  has 
brought  together  an  exceedingly  large  and  valuable  Museum, 
which  possesses  so  many  features  of  practical  interest  for  a,  new 
country,  that  no  apology  wilt  be  needed  for  giving  it  here  wh&t 
may  seem  at  first  to  be  a  difipro]>ortionate  amount  of  space.  The 
classification  includes  (I)  Animal  products,  exclusive  of  foods. 
(la)  Economic  entomology.  (2)  Vegetable  products,  from  the 
raw  material  through  the  various  stages  of  manufacture  to  the 
finished  fabric  or  other  article.  This  section  includes  gums, 
resins,  oils,  woods,  fibers,  tans,  dyes,  drugs,  perfumes,  Forestry 
and  forest  products.  (3)  Waste  products.  (4)  Foods,  (5)  Eco- 
nomic Geology.  {6a)  Ceramics.  (5b)  Glass.  (6)  Original  epeei- 
mens  of  artistic  workmanship,  coins  and  medals.  (7)  Photographs, 
electrotypes,  plaster  and  other  reproductions  of  examples  of  art 
workmanship,  where  originals  are  not  to  be  obtained.  (8)  Ethno- 
logical specimens,  (9)  Metallurgy.  JUl)  Mine-engineering,  (11) 
Strength  of  materials,  etc.  (12)  Military  and  Naval,  Fire-arma 
for  hunting.  Traps,  etc.  (13)  Transportation.  (U)  Agriculture. 
(15)  Instruments  of  precision.  Apparatus  for  diagnosis,  etc.  (Ifi) 
Sanitary  appliances.  (17)  Educational  arrangements.  (18)  Chem- 
ical and  pharmaceutical  products  (19)  Models  of  patents.  (20) 
Trade  Journals.  This  outliue  of  a  classification  which  is  substan- 
tially the  same  as  that  used  at  South  Kensington,  has  been  found 
well  adapted  to  the  wants  of  the  young  Colonial  commanitv,  and 
might  be  found  very  useful  in  our  smaller  Technological  Muse- 
ms  in  tljlt 
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profitably  used  by  liritish  workmen.  Here,  in  a  far  distant 
colony,  educational  appliances  of  the  same  kind,  specially  adapted 
to  the  modified  surroundings,  are  thoroughly  appreciated  by  the 
public!.  The  success  has  been  so  great  that  branch  museums  have 
been  establinhed  in  other  parts  of  New  South  Wales,  all  under 
the  care  of  the  curator  of  the  head  ofHce  at  Sydney. 

As  noted  in  a  former  paper,  there  are  other  technological  mu- 
seums in  Australasia,  somewhat  on  the  plan  of  that  at  Sydney, 
and  all  of  them  are  accomplishing  much  in  the  development  of 
the  colonies.  It  is  pleasing  to  note,  further,  that  these,  together 
with  the  natural  history  and  the  art  museums,  are  well  supported, 
being  everywhere  in  these  colonies  recognized  as  important  fac- 
tors in  education.  Some  of  these  museums  have  been  already 
referred  to  :  in  this  communication  reference  must  be  made  to 
still  others.  The  Sydney  Museum,  under  the  curatorship  of  Dr. 
E.  P.  Ramsay  is  very  rich  in  some  of  the  departments,  notably 
that  of  ornithology.  At  the  time  of  my  visit,  in  February,  a 
large  portion  of  the  building  was  undergoing  repairs  and  addi- 
tions were  being  made.  In  Sy<lney,  as  in  other  centers  of  learn- 
ing in  the  colonies,  there  are  strong  local  societies  for  the  encour- 
agement of  science,  but  until  the  formation  of  the  Australasian 
Association  for  the  Advancement  of  Science,  there  was  no  gen- 
eral organization,  l^rofessor  Liversi<lge  of  Sydney,  who  was  the 
prime  mover  in  the  establishment  of  the  Association,  must  view 
with  great  satisfaction  the  happy  results  which  have  followed  his 
successful  work. 

llrhhane^  the  ca})ital  of  (iueensland,  is  in  latitude  27°  28'  S. 
and  about  five  hundred  miles  north  of  Sydney  (over  700  by  rail). 
The  climate  is  very  much  like  that  of  northern  Florida  and  per- 
mits* a  wide  range  of  plants  to  be  cultivated  in  the  Botanical 
Gardens.  There  are  two  Botanic  Gardens  in  this  city,  neither  of 
them  very  large  but  both  kept  in  good  condition  and  of  much  use 
to  the  colony.  The  one  which  is  properly  a  governmental  estab- 
lishment occupies  a  ]>ortion  of  one  of  the  peninsulas  formed  by 
the  curves  of  the  Bris])ane  river,  an<l,  owing  to  its  lying  so  low,  is 
sometimes  partly  inundated  by  freshets.  At  the  time  of  my  visit, 
the  traces  of  damage  from  one  of  these  floods  had  not  been  wholly 
obliterated.  The  grounds  contain  many  interesting  sub-tropical 
plants  with  not  a  few  wliich  are  truly  tropical.  Changes  which 
have  been  inaugurated  by  the  new  curator,  Mr.  Philip  MacMcihon, 
promise  to  be  substantial  improvements  both  in  selection  and 
arrangement. 

The  other  garden  is  close  by  the  two  parks,  Bowen  and  Vic- 
toria, and  attracts  a  large  number  of  visitors  <m  ])leasant  days. 
It  is  under  the  management  of  the  Society  of  Acclimatization, 
and  has  for  its  curator  Mr.  Souter.  The  classes  of  plants  are 
much  like  those  in  the  government  garden,  but  a  good  proportion 
of  the  specimens  are  ohler  or  at  least  larger.  The  pro})agating 
department  was  very  interesting.     A  catalogue  of  the  plants  of 
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the  ganleoe  liais  been  iire|>anil  hv  the  active  colonial  botanist  of 
QucenHlariil,  Mr.  F.  M.  Bailey-.  Yhe  nianual  of  the  Queen^Iauit 
Flora  lir  Mr.  Kailey  it*  full  and  <'iinvc-iii(;at. 

Mr.  Bailey  was  formerlv  a  rei^idc-nt  of  South  Australia  and  jn* 
xeflgen  a  larj^e  ac-([uaiiitancc'  witli  Australian  plants.  He  placm 
his  If nuwledge  most  frci'lr  at  the  service  of  those  who,  like  mytelf. 
have  during  a  hurried  journey,  only  a  limited  time  in  which  to 
examine  iocalitieii  of  sfiecial  interest. 

Attention  should  be  <-alled  iii  passing  to  the  fact  that  two 
Americanri  now  till  |>OKitioiiij  of  resjwnsthility  in  the  «ulonial  itc- 
parttnentH  of  a^rrivulture.  Thene  are  Dr.  N.  A.  C'obb,  of  Sydney, 
and  Profeisitor  E.  N.  Slielton,  of  Brisbane.  Dr.  C'obb,  fonuerly  of 
Won-eKler,  Miixs.,  M.udieil  at  Jena.  He  is  now  eondiicting  invw* 
tigationx  in  aiiiiiial  ami  vegetable  pathology  in  New  South  Walir. 
Professor  Shel ton  ik  instructor  in  aiirivullure  in  Queensland.  Tbr 
writer  in  indebted  to  them  and  their  associates  for  inuumeraUe 
courtesies. 

Of  the  remaining  gardens  in  Australia  itro})cr,  I  had  opjiortiiQily 
to  examine  with  cjire  only  one,  namely,  that  at  Geelong.  This  i> 
in  the  colony  of  Victoria,  about  fifty  miles  from  Melbourne,  h 
is  situated  delightfully  on  the  shores  of  Coris  Bay,  and  like  nianv 
others  of  ItN  class,  Is  ji radically  a  city  ]>ark.  Such  pleasure 
grouiidK  differ  from  those  in  our  own  country  chiefly  in  the  prom- 
itienee  which  is  given  to  inten-sting  species  of  plants.  Not  opih 
are  foreign  plants  useii  freely  for  decorative  purposes,  but  tliey 
are  chosen  apparently  with  a  view  to  impart  to  the  park  distinc- 
tive features  as  a  botanic  garden.  Nearly  all  of  the  garden^ 
largo  and  small,  make  great  use  of  what  are  callcil  bHsh-huusrs, 
These  are  simple  frame  Ktructures  roofe<1  with  slats  having  gupi' 
lietween,  admiltiiig  jili'iily  of  air,  but  affording  shelter  and  shailr. 
They  are  luirliciiliirly  ad.ipted  to    Ferns  and  Aroids,  and   Icud 
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supported  on  the  most  meagre  allowance,  but  presenting  some  in- 
teresting features.  The  collection  of  rare  New  Zealand  plants, 
made  by  Mr.  John  McBean,  is  worthy  of  attentive  study.  At 
Christchurch,  in  Canterbury,  the  garden  is  much  more  extensive. 
Its  curator,  Mr.  Taylor,  had  but  very  lately  taken  charge,  but  he 
indicated  certain  improvements  in  prospect.  The  native  plants 
are  well  shown  by  good  specimens,  a  good  deal  of  care  having 
been  taken  to  secure  types  and  varietal  forms.  It  was  my  good 
fortune  to  be  ccmducted  through  this  garden  in  one  of  my  visits, 
by  Professor  Kirk,  whose  labors  in  coimection  with  the  New 
Zealand  Flora  are  everywhere  known.  He  is  now  engaged  in 
editing  a  new  edition  of  Sir  Josepli  Hooker's  Handbook  of  the 
Flora  of  New  Zealand,  a  work  now  out  of  print.  Professor 
Kirk's  Forest  Flora  of  New  Zealand  is  a  magnificent  volume 
carefully  illustrated.     The  fidelity  of  the  drawings  is  remarkable. 

The  last  of  the  gardens  in  New  Zealand  visited  by  me  was  that 
at  Wellington.  It  is  situated  on  the  hill  back  of  the  city,  and 
possesses  chiefly  the  characteristics  of  a  park.  ' 

Dunedin,  Chritstchnrch,  and  Wellington,  to  which  we  may  Jidd 
also  Auckland,  have  excellent  local  museums.  The  one  at  Dune- 
din  is  growing  rapidly  in  the  direction  of  zoology.  This  is  under 
the  charge  of  Professor  T.  Jefferey  Parker.  Christchurch  mu- 
seum is  widely  known  from  the  collections  of  bones  of  extinct 
birds  which  were  brought  together  by  the  late  Dr.  Julius  von 
Ilaast.  Tlie  museum  is  extensive  in  many  de[)artments,  particu- 
larly ethnology,  but  it  needs  re-arrangement.  This  it  will  doubt- 
less receive  soon  from  its  new  curator,  Dr.  H.  ().  Forbes,  the 
naturalist  whose  studies  in  the  Kastern  Archipelago  are  familiar 
to  all  our  readers.  The  cathedral  citv  of  (christchurch  is  the 
home  of  Professor  Iluttcm  of  Canterbury  college.  Wellington  is 
the  capital  of  New  Zealand.  Its  museum  is  extensive,  but  inade- 
quately })rovided  with  ])ro]H^r  exhibition  rooms.  The  display  of 
ethnological  sj)ecimens  is  exceedingly  good,  being  arranged  in  the 
most  effective  manner.  The  Auckland  museum  is  also  rich  in 
ethnological  s[)ecimens. 

I  have  purposely  deferred  to  the  last,  a  brief  description  of  the 
local  museum  at  Hobart,  Tasmania.  Mr.  Alexander  Morton,  the 
curator,  has  carried  out  to  the  furthest  extent  his  plan  of  estab- 
lishing a  Tasmanian  exhibition.  In  the  first  ])lace,  it  is  compre- 
hensive, taking  in  all  departnuMits  of  natural  history,  as  well  as 
geology,  arch:eology  and  ethnology,  in  other  words,  natural  his- 
tory in  the  widest  sense.  As  a  rule,  specimens  from  other  ]»laces 
are  used  wholly  for  com[)arison.  The  arrangement  in  each  de- 
partment is  sim})le  and  perfectly  intelligible  to  the  person  of 
aver;»ge  intelligence,  and  each  specimen  is  very  fully  described  on 
its  label.  Almost  every  museum  in  all  Australasia  seeks  rightly  to 
make  the  exhibits  attractive  and  instructive,  especially  in  the  line 
of  local  matters.  The  collections  at  Hobart  are  therefore  only  a 
conspicuous  ex.ample  of  what  can  be  done  on  a  small  scale  and 
with  very  limited  means. 
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Another  chanictcristic  of  all  the  AuBtralasisn  ; 
highly  Gommeiidahle,  namply  the  tt-iiaeity  with  which  they  all 
cling  to  rare  apecimoiiH  of  arc htuo logical  and  etbnograpliical  in- 
tercHt,  instead  of  utilixing  them  for  exchang**.  Those  of  up  whu 
deplore  the  disintegration  of  oollt'ctionn  will  sympathize  heanilr 
with  the  policy  adopted  in  thf  South. 

Ily  and  hy,  the  time  will  doiihtleiw  come  when,  under  mjoc 
ayHtcm  of  fedi-i'atioii,  a  capital  city  for  all  the  eolunies  will  W 
selected,  in  which  a  central  nniseuni  may  gather  for  corapariiion 
all  the  rarer  of  thew  now  scattered  trcasun's,  hnt  it  is  to  Ik>  hoped 
that  none  of  thew  whieh  arc  unreplaceahic  will  ho  miffereil  W 
leave  the  tiountrv,  at  leant  until  the  fragmentary  history  of  the  fa."l 
vanishing  races  w  secured.  This  wan  impressed  upon  the  writer 
on  his  visit  to  one  of  the  museums  hefore  alluded  to,  in  wliich 
there  was  a  fairly  largi^  colh-ction  of  ceremonial  knives  and 
weapons.  The  curator  pointed  out  the  slight  differences  eiiptini; 
Ixitween  the  allied  groups  and  stated  that  some  of  the  tyi-c"  <•( 
manufacture  are  no  longer  to  he  met  with,  in  a  genuine  form.  [l 
is  worthy  of  note  that  excellent  imitations  of  some  of  the  rarer 
tyiWB  are  to  he  ohtained  of  dealers,  but  it  is  seldom  that  gemiim- 
ness  is  claimed  i^vcn  for  the  cleverest  of  the  copies. 

Frequent  rt'ferenc*'  lias  lu-en  made  in  tliese  papers  to  the  verj- 
general  interest  felt  hy  the  Auslralasian  public  xn  matt«rH  pertain 
iug  to  applied  srieiicj;'.  It  is  heeause  of  this  widespread  mterei't 
that  the  i)oIanic  gardens  and  museums  are  so  well  suslaine<l. 
Further,  it  is  on  this  mconnt  thai  the  vari'uiH  institiitionc  whiili 
deal  with  technology,  as  in  Adelaide,  Melbourne,  and  Sydney,  are 
generously  supporte<.l.  There  are  eetlain  social  and  econoraii' 
factors  wliicli  render  it  less  easy  than  mi^it  be  snpposcd,  to  give 
to  these  and  kindred  institutions  all  the  aid  th»y  need  ;  taking 
these  factors  into  consideration,  it  must  be  confessed  that,  prarti- 
cnl  scientific  education    receives  in    the    Bouthern  bemisrihcrf  u 
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retiring  President,  I*rof.  Goodale,  on  some  of  the  Possibilities 
of  Economic  Geology  makes  the  opening  article  of  this  number. 

Th^  Vice-Presidents  of  the  sections  appointed  are  the  fol- 
lowing. A,  Mathematics  and  Astronomy,  Prof.  J.  R.  Eastman, 
of  the  Naval  Observatory,  Washington  ;  B,  Physics,  Prof.  J^. 
F.  Tliomas,  State  University,  Columbus,  Ohio ;  C,  Chemistry, 
Dr.  Alfred  Springer,  (Mncinnati  ;  D,  Mechanical  Science  and 
Engineering,  Prof.  J.  H.  Johnson,  Washington  University,  St. 
Louis  ;  E,  (Tcology  and  Geography,  Prof.  II.  S.  Williams,  Cornell 
University  ;  F,  Hiology,  Prof.  S.  11.  C^age,  Cornell  University  ; 
H,  Anthropology,  W.  H.  Holmes,  Kthnologioal  Bureau,  and  T, 
Economical  Science  and  Statistics,  Prof.  S.  Dana  IlorUm,  Pomeroy, 
Ohio. 

Prof.  Putnam  is  continued  as  Permanent  Secretary.  Rochester, 
New  York,  was  selected  as  the  next  place  of  meeting. 

List  of  papcrfi  (iccj'pted  for  rendlmi. 

Section  A.     MnthcuiaUr.s  and  Astmmymij. 

A.  S.  Ciiristik:   A  digest  of  tho  litenitiin^  of  tlio  iiiathciiinticjil  Hcioncoa. 

O.   L.   Doomtilk:   fiatitiide  of  tho  Sayrc  Obsorvntory. 

<T.   C.  CimsToCK:  Th<^  Hooiilar  variation  of  torrcstriai  Iatitiiii<\«. 

Ci.  W.   Holi.ky:  GroiipH  of  stars,  binary  and  multiple. 

.r.  A.  nitASiiKAR:  I)cH<Tiption  of  tho  j^rcat  spoj'trosoopo  artd  spec^troj^raph, 
conHinicttMl  for  tho  llalstea(l  Obsorvatory,  rrincoton.  N.  ,1.  Note  on  sonio  rooent 
photographs  of  tho  rcvorsal  of  tho  hydTO}TC<n  lines  of  solar  prominencies.   • 

Fkank  II.  IhOKi.ow:  St4indardi/.ing  pliot^^raphic  film  without  tho  use  of  a 
Ht.indnrd  light,  tlxhibition  ami  description  of  a  new  s<'ientilic  instrument,  the 
ouroni-inclinomi^tor. 

Dav[I»  p.  Todd:  On  a  modified  form  of  zenith  telescope  for  determining 
standard  declinations.  On  the  application  of  the  "  photochronogpaph  "  to  the 
automntic  record  of  stellar  o<'onltaii(ms,  particularly  dark-limb  emersiotia. 

O.  T.  Siikilman:  The  zodiacal  light  as  rolat.<Ml  t^  tiTrestrial  temperature  varia- 
tion. 

OuMOXD  iSroNK:   On  the  long-period  terms  in  the  motion  of  Flyperian. 

A.   Ma'Tari.ank:   rrinciplcs  of  the  algebra  of  physic'. 

IIksry  M.  Paukihii.'ST  :  The  tribulation  of  light-curves;  ilescriptiofi,  explana- 
tion, and  illustration  of  a  new  methotl.  Stellar  fluctuations;  ilistinguishcul  from 
variable  stirs  ;  investigation  of  frequency. 

Thomas  8.  P'iskk:  (>n  certain  space  and  surface  integrals. 

.J.   Loudon:  Th<»  fundamcntjd  law  of  elrctromagnetism. 

F.   r.   Lkavknwortii  :   Method  of  controlling  a  driving  clock. 

W.xf.   V.    IIkal:  On  the  bitangential  of  the  (piinli<'. 

J.   K.  Kki.siinkr:   Parallax  of  a  I,«.>onis. 

portion   n.     Physics. 

WitJilAM  HoovKR:  On  the  logarithmic  mean  <listance  between  pairs  of  [Kiints 
in  any  two  lines. 

K.    \V.   MoRr,KY  :   A  new  method  for  measuring  the  expansion  of  solids. 

E.  W.  Mf>Rt,KY  and  W.  A.  Kookrs:  Measurement  of  the  expansion  of  Jos- 
Bop's  Rteel  by  a  new  methml. 

GuSTAViis  HiNRiciis:  Statement  of  the  general  law  determining  the  fusing 
and  l>oiling  point  of  any  eompoutid  under  any  pressure  as  simple  function  of  the 
chemical  constitution  of  the  same.  The  calculatiim  of  the  boiling  jwint  of  a 
liqnid  under  any  pressure.  Determination  of  the  discontinuity  of  tho  fusing 
points  of  paraffins  by  means  of  analytical  mechanics. 

William  Orr:  A  scheme  for  a  science  of  color. 
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B.  P.  TromaB:     k 
NoteB  on  rolstinf;  c 

M.  A.  Vebdeh:  The  periodicity  of  tlie  Aurora. 

C.  li.  Tbwinii  :  Color    photOi^Bphv    by    Lippmann'a 
Hilvcr  vmulHions  under  Ion)?  eiposure  to  liKbt. 

A.  Maufaslahe:  On  the  nomeneioturo  for  phjHital  u 
.  Mi;Adi£:  Somo  oxparimontH  in  ntmospheric  eloctricity. 


)  slorage   batteriei.     Thr 


with  a  new  pbotaiD«t«r. 


W.  M.  Stink:    .Some  fornis  ot  cnrbon  and 
tanitrnt  Kiilvanomeler  rb  a  Toltmeter. 

II.    A.   llAEKN;   Do  Mmailoea  whirl  ?     Artiflciat 

N.  TI.  (iRKDNU  nnd  F.  J.  ItoilBRS:  Ohserratioi 

F.  J.  Rihirbh:  Mafcncniiini  as  a  source  of  tight. 

BitnwN  A 
renlH.    Tho  nature  of  "  conater-elcctroiiiotiTe  force, 
mentiil  iinitaf 

Serlion  C.     ChemMry. 

GlFAS.  Ti.  liRRfR:  Preliminary  noleH  on  the  influence  ot  awamp  wat«n>nD  I 
fornititioii  n{  thi'  phnnplintc^  nodiilex  of  South  Carolina. 

v..  T.  Gov  :  Iinnd  mid  river  |>hoRi>hnt«  pubhIcK  or  nodnlcB  of  Florida. 

Ar.rRRIi  HpRiKiiKR:  A  Intent  clmmeterislic  of  aluminiini. 

\'\\:\.  C.  Fkrkk:  Tlir>  intluoncc  of  nogntivo  atoms  and  groups  of  atomn  i 
nrKiinic  rtimpoiindB. 

K.  floLlMUlTir :  I'ialihro  pbonolyle. 

n.  A.  Wriikh;  ItapliideH  the  oiiiise  of  the  acridity  of  certain  plants. 

rii;<frAVi'fl  HiNKinis:  Tho  cnlc-nlntion  of  the  boiling  point  of  a  panffin  uod 
any  prcBRiiro.  Tlic  cnlcnlation  of  the  l>oilirij{  point«  of  iaomerica  from  their  n 
iiient  of  inertia.  f)eterniination  of  the  true  ponitinD  of  the  carbon  atonx 
orttliDTU  conipniindn  liy  nK'nnH  of  analytical  mechanics, 

K.  ['.  liUNHiHUTON :  IKairibiitinn  of  tiUinic  oxido  on  the  earth's  surfocc. 

1'lroMAH  Tavi^R!  TIio  prerapitalion  of  fish  oil  in  linseed  oil,  when  nped  t» 
ailiillernnl.  by  trilTer  iiilmtd  n>litti<>n.  Tho  neparation  and  precnpitstion  of  lit 
neid  froni  linRpmi  oil  by  xilrer  nitrate. 

Wai.trii  Haxwsij.:   Itinlogieal  fimctinnaof  the  ledthins. 

KiiwAitnW.  Mnur.KV:  Synthroiaof  weighed  i|uentitieH  of  water  from  wei^ 
iinnntilieH  nl  niygen  and  hydrogen. 

"        ~~  "   —     "'  '""o-sillfo-phonol 
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Dayid  p.  Todd  :  On  experimental  results  obtained  with  a  new  form  of  direct- 
action  propeller. 

B.  E.  Fkrxow  :  The  Government  timber  tests. 

John  6.  Johnson  :  The  United  States  tests  of  American  woods,  made  nt  the  ' 
Washington  University  Testing  Jjaboratorj. 

Okas.  L.  Bouton  :  On  the  crushing  of  short  prisms  of  homogeneous  material. 

Thomas  Gray  :  On  expansion  steam  calorimeters.  Tests  of  electric  railway 
plant      On  the  power  absorbed  in  the  cutting  of  metals. 

D.  S.  Jacobus:  Maximum  error  due  to  neglecting  the  radiation-correction  of  a 
Barrus  universal  calorimeter.  Relative  economy  of  carbonic  acid  as  the  working 
fluid  of  refrigerating  machines. 

William  Kkst  :  On  the  efficiency  of  the  steam  jackets  of  the  Pawtuckot 
puuiping  engine.  On  the  op{)ort;unity  for  mechanical  research  at  the  World's 
Fair. 

Stciion  E.     f.ieohtjy  and  Otvijiaphy. 

John  T.  Campbell:  Source  of  supply  to  lateral  and  medial  moraines. 

A.  K.  FooTE:   New  meteoric  iron  from  Arizona  containing  <liamunds. 

G  K.  Gilbert:  Post-glacial  anticlinal  ridges  near  lliply  and  Caletlonia,  New 
York. 

Warren  Upham:  Processes  of  mountain  building  and  their  relationship  to  the 
earth's  contraction. 

Henry  Lampard:   Notes  on  an  extinct  volcano  at  Montreal,  Oanada. 

K.  D.  CoPK:  (A)  On  a  new  horizou  of  fossil  lishes.  (H)  On  the  cranial  charac- 
ters of  Kquiui  ex-ctUiUs  Leidy. 

Joseph  F.  JAMtiis:  On  problematic  organisms  an<l  tht*  presL^rvatiou  of  Alg;i'  as 
ff>Hsils.     On  the  age  of  the  Mouut  Pleasant,  Ohio,  bods. 

William  1Iallo(;k:  Preliminarv  report  of  observations  ut  the  deep  well  near 
Whet'ling,  W.  Va. 

T.  0.  Hopkins:  The  Kureka  shale  of  northern  xVrkansas 

T.  C/.  Chamberlin:  The  altitude  of  the  eastern  and  central  jjortions  of  the 
United  States  during  the  Glacial  period. 

W.  J.  McGee:  Neocene  and  Pleistocene  continental  movements. 

A.  Wanner:  Fossil  tracks  in  the  Triassic  of  Vork  county,  Pa. 

M.  N.  MiTiBViER:   New  footprints  of  the  Oimncctiinit  Valley. 

Lester  F.  Ward:  The  plant-bearing  deposits  of  ihe  American  Trias.  Princi- 
ples and  methods  of  geologic  (Correlation  by  m(>ans  of  fossil  plants. 

Henry  F.  Osbdrn:  A  reply  to  Prolessor  Marsh's  note  cm  Mesozoic  Mammalia. 

Jamks  M.  Safford:  Kxhibition  of  certain  bones  of  Megaionyx  not  before 
known. 

R.  I).  SALlsiiUKY:  On  the  probable  existence  of  a  second  driftless  area  in  the 
Mississippi  basin. 

Frank  LKVEKhTT:  The  Cincinnati  icv-dani. 

Leon  S.  Guiswoli*:  The  .strncture  of  the  Ouachita  uplift  of  Arkansas. 

C.  it.  Van  Nise:  The  relations  of  the  Arch.ian  and  the  Algonkian  in  tiie 
northwest. 

Herman  L  Faiboiiilu:   Results  of  a  well-boring  at  Rochester,  N.  V. 

K   W.  Claypole:  On  a  deep  bore  near  Akron,  Ohio. 

R.  W.  Suufeldt:  A  study  of  the  fossil  Avifauna  of  the  Silver  liake  region, 
Oregon. 

J.  Crawford:  The  peninsula  aud  volcano  ('osignina.  The  geologicii!  survey 
of  Nicaragua. 

F.  U.  Taylor:  The  highest  old  shore  line  on  Mat^kinac  Ishuid. 

J.  K  Todd:  8tna3  and  slickeusides  at  Alton,  Illinois. 

Section  F.     Biology. 

Simon  U.  Gage:  Notes  on  the  physiological  and  structural  changes  in  (/ayuga 
Lake  lampreys.     The  transformation  of  the  vermilion  spotted  n<'wt. 
Ida,  U.  Bydb:  Notes  on  the  heart  of  certain  mammals. 
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JoilK  A.  1{V[>EI( :  On  tlie  kjuile  of  uiotion  of  the  ultimate  unite  of  coDUuaili' 
livluf;  matter. 

K.  D.  C'oi'E :  Oil  till.-  iiiMertiun  of  tlif  Bcapulnr  uad  peWic  urchoH  and  llinb^  el 
Ijicertiliu.     Ou  ™lonition  in  certain  Reptiliu. 

Geo.  F.  Atkinhon  :  (lit  tlie  Ktruulure  uud  diitiorphism  of  Kypocrea  tuboriforun'. 

J.  M.  Mai^farlane;  Aiiutlicr  diuptvr  in  tlie  history  of  Uie  Vguuh  Ry  trap. 

D.  H.  Cami-dbll  ;  On  thu  pmtlialliiini  mid  cuiLiryo  of  Osmuuda  ClaytflniHns  -Mi 
0.  iniimiiiioniuu.     On  tbi'  pliylot^iiy  of  the  ArcLrgouiata. 

IlYBON  U.  IIalhte.iii:  a  new  N(H.-tria  Notes  upon  bacteria  of  cuciirliii- 
Notoa  un  an  Antlirariiow. 

JoKKl'il  N.  ItuBK:  Tlic  Coti][iosilii.-  colltMMd  by  Dr.  Edward  rH}iner  m  Ciiliiii^ 
lliu  tlora  of  Carn.cii  iHlnnU. 

TUEUUAUi  .SutTU  :  UHeM  of  ttia  ftrruienbition  tube  in  bacteriology  with  del i- 

Jahen  U.  Flikt:  Tho  ruraniiuifi.'ni   with  a  new  device  for  tlio  eibililMi  "I 

K.  M,  IIahuiiouok  :  A  nioni^^iph  of  the  Carolina  |>»roqtict 

(J.  \'.  ItiLKT:  PiiTHBltiMin  in  ColwjiitA'rM.  iu  I'ipttTa,  in  liniouiiiitiL-,  and  Idiiii'u- 
tiiuiiid;!'.     U  icnMM^nt^nis  nit  iuwN.'tiindcK. 

A.  J.  CiH)K :   EuoniicH  of  the  lionoy-liw.     Abnormal  bees. 

JollH  It.  ^uiTll :  NulvH  un  the  1ioniu1o);y  of  Ibe  licmipteroiiH  UMtli.  Kpi|ili,i- 
ryni  and  hypoplioryus  f>(  IWoniila.  The  mouth  of  Cojiria  Caroliua,  ami  m*- 
on  ttie  lioiuulog}'  uf  the  inaudible. 

().  1'.  Hay  :  Ihi  lb.-  lurtifB  of  tlif  gfiuia  Maludt-myH.  On  the  ejection  of  hl.^ 
fnini  till'  eycK  of  horned  liHidi>. 

ti.  IhiDWN  ti<K>i>K;  I'hi'  prcHcnt  i-undilioii  uf  the  stiuly  of  the  deep-n-a  6>Wr 

rinn.  VV.  .Stii.(:s:  Un  iJie  imiHirtanee  of  a  table  at  tlie  Nuplei)  Htation 

II.  T.  (iALLuwtV:  Kiirtlii-r  olMorvalionii  un  a  liaclurial  diseuse  of  oata. 

(lKi>  V.^siiv:   Kolaniial  lleld-u-ork  of  the  UolHiiicml  DEviwiou. 

U.  11.  Wajti!:   Id'Hiiltf  from  re<viil  invirMtigaliona  of  |iear  1ili|;lit. 

I,  A.  HiiAMiiK.iM ;  Tlie  «!«■.■( roMDiN;  in  bulaiiliid  Studies. 

TiIKiilKiKK  ihi.i,:  Tin:  |H>rHii<leniv  uiid  ndatiou  of  fannal  rualiii^.  Tin-  N' » 
Zealand  ll»h  fanmi. 

•liiSKI'lt  .lAKTIt'iU  :  A  \:a«v  uf  the  lotw  of  senni  of  wnell.  A  novel  i>olor  illu^iini 
and  u  iii-U'  DH-tliod  ul  i-ulur  mixture. 

Uauy  K.  Murtfeldt:  Mudj  Ilea  lion  of  hahit  in  pajier- making  wafps 

Wii,  I'alhkh:  'r\\v  fate  of  llie  fnr  ont\  in  Ameriwin  watira. 

i'.  K.  Ukshky  and  A,  F.  W<n>i<m:  TranvpiraliDU  ur  (he  low  of  water  in  I'laiii? 

Wh.  J.  tttiAL:   MoveiMunI  of  Hnid  In  plan 
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J.  Owen  Douset:  Sioiian  onomatopes  iuterjections,  and  phonetic  types. 
Games  of  Tetou,  Dakota,  cliildren. 

G.  II.  Pekkins:  Oo  a  collection  of  stone  pipes  from  Vermont.  On  bone,  cop- 
per and  slate  implements  found  in  Vermont. 

Mekwin  Mabie  Snell  :  The  importance  and  methods  of  the  science  of  com- 
parative religion. 

Anita  Newcomb  McGke:  An  experiment  in  human  stirpiculture. 

Zblia  N  uttall  :  Relics  of  ancient  Mexican  civilization. 

Edward  S.  Morse  :  Bow-stretchers.     Prehistoric  bows. 

Alice  C.  Fletcher:  The  Nez  Perc^  country. 

Frank  Leverett:  Relation  of  a  Loveland.  Ohio,  implement-bearing  terrace 
to  the  moraines  of  the  ice-sheet. 

Laura  OsnoRXE  Talbott:  Utility  of  psycliical  study  of  child  life. 

Albert  (iAisciiET:  Origin  of  the  name  Chautauqua. 

Frank  IIamflton  CusHiN(i:  Outlines  of  Zufii  creation  and  migration  myths 
c-ouHidered  in  their  rclatioit  to  the  Ka-ka  and  other  dramas  or  so-called  dances. 

F.  W.  PLn^NAM:  An  ancient  human  cranium  from  Southern  Mexico. 

(/.  M.  Woodward:  The  length  of  a  generation. 

CuA8.  A.  Hiuschfeldkr:  Burial  customs  of  the  Hurons. 

James  Mooney:  Tlic  Messiah  religion  and  the  ghost  dance. 

Frank  Baker:  Study  of  a  dwarf. 

Atreus  Wanner  :  Stone  drills  and  perforations  in  stone,  from  the  Susque- 
hanna River. 

Gerard  Fowke:  Some  A rchax)logical  contraventions. 

W.  \\.  FIoLMES:  On  the  distribution  of  some  implements  in  the  tide-water 
province.     Aboriginal  novaculite  quarries  in  Arkansas. 

Joseph  Jastrow  :  Study  of  automatic  motion. 

W.  H.  Babcock:  Race  survivals  and  race  mixture  in  Great  Britain. 


Section  I.     Economic  Science  and  Statistics. 

J.  S.  Billings:  The  census  counting  machine  (with  exhibition  of  the  machine 
at  work). 

Alex.  S.  Christie:  Oh  a  measure  of  the  reliability  of  census  enumeration. 

Lester  F.  Ward:  A  national  university;  its  character  and  purposes.  The 
science  and  art  of  government. 

W.  J.  McGee  :  The  southern  oil  fields. 

J.  R.  IIinton:   Agriculture  by  irrigation;  some  social  economic  possibilities. 

B.  K.  Fkrnow  :  Water  management  the  problem  of  the  future. 

0.  R.  Dodge:  Tlie  needs  of  the  American  flax  fibre  industry. 

B.  W.  Snow  :  The  necessity  for  State  supervision  of  railway  extension. 
Lal'RA  Osborne  Talbot:  The  economic  value  of  cooking  schools  m  the  Dis- 
trict of  Columbia. 

RyTiiARD  T.  CoLBURN  :  The  code  of  inheritance. 

Henry  Farquhar:  Numerical  relations  l>etween  amount  and  value  of  United 
States  p<jtato  crop  and  amount  of  importations.  United  States  mercantile  marine 
and  duty  rates. 

H.  W.  Wiley  :  The  muck  soils  of  the  Florida  Peniusula. 

Robert  T.  Hill:  The  artesian  wells  and  underground  waters  of  central  Texas. 

Manlet  Miles:  Energy  as  a  factor  in  rural  economy. 

Alex.  D.  Ale.vander:  World's  Columbian  Exposition. 

Edward  Atkinson:  Free  coinage;  Why  not? 

Kdward  T.  Peters:  Tlie  coinage  ratio  in  our  silver  policy. 

(lEO.  A.  Priest:  The  Eleventh  Census  and  statistics  of  manufacture.  A  per- 
manent Census  Bureau. 

Mrs.  M.  C.  Baker  :  Tabulation  errors  of  census. 

C.  v.  Riley  :  The  locust  or  grasshopper  outlook. 

GiiAS.  S.  Hill  :  Immigration  as  an  economic  sociologic  problem.  The  economy 
and  thrift  of  machinery. 

Ax.  Jour.  Sol^-Third  SbrirSt  Yol.  XLII,  No.  260. — October,  189L 
24a 
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Enlomologioal  Civil. 

L.  O.  HoWABD :  The  Kncyrtiuie  witli  branclied  sntenniL'. 

H.  G.  HuBBARU:  iDsecI  life  in  tliu  lint  upHiigs  of  Yellowstone  Nutioiul  Puk. 

E.  A.  iicuVTARZ:  I'reliniiDary  noted  ou  tlie  lusect  fauna  o[  the  Great  Snlt  LUt, 
Utah. 

J.  A.  LiSTMKB;  On  the  occurrence  oF  the  Pear  inidg:<-,  Diploria  pjriFDn. 
Notes  OD  tlie  Pear  tree  PBylla,  Psylla  pyricola,  in  the  Hudson  River  Valley.  On 
the  eye-spotlod  bud  moth,  Tiiietocora  ocelluna.  in  WealerD  Kew  York,  On  some 
of  our  OrRyiaB.     Eiliibilion  of  the  luTiiinouB  feiuales  of  Phengodos.  species. 

J.  G.  SuiTU:  Note  on  the  tiabitB  of  Xyleborua  diepar.  Uubits  of  Vuluc^ 
fasciata.  NoteH  on  the  (.'lutusilicatiuii  of  [be  l«pidoptoru.  A  reTision  of  tk 
genus  Cucullis.    Staining  insect  structures, 

E.  W.  Clavpolk  ;  Means  of  proHurvinK  larva:  tor  class  use.     A  EubBtituK  fur 

K.  K.  Wkbu  :  Scrow  worm  feeding  on  vegoiablo  mntter. 

D.  S.  Kkllicott  :  Notes  on  two  borers  destructive  of  mountain  ash. 

B,  P.  ManiT:  Tim  bibliogruphy  uu  Kiilotuolc«y. 

C.  V.  UlLEY :  Notes  on  Sphecius  spooLosuB.  Some  iotereBliDg  Pliylloivnt 
Notes  on  the  larval  babitit  of  Mognphycis, 

U.  E.  Muktfbliit:  Longevity  and  vitality  of  Ixodes  and  Trotnbidiuui.  Hod- 
iflcation  of  liabit  in  paper  wasps. 

2.  The  British  Association. — The  meeting  of  the  Briiipb 
AsGooiation  was  opened  at  Cardiff,  Walcs^  on  Wediieedaj',  thr 
19th  of  Au^uHt.  The  able  addresH  of  the  President,  Profesitor 
William  Iluggiiix,  tivaltiig  of  tlie  progress  of  Astronomy  through 
spectroBCopic  observationH,  is  publiabed  in  full  in  Nature  of 
August  2Uth.  Tile  reader  is  referred  to  this  and  the  following 
numbers  of  Nature  for  the  adilreitsett,  also  of  the  Prei>idcDtN  of 
Sections,  and  for  abstracts  of  the  more  important  papers  pre- 
sented. Tiie  next  meeting  will  l>c  held  at  Edinburgh,  under  the 
Presidency  of  Sir  Archibald  Geikie,  commenciDg  on  the  .3d  of 
August,  1892. 

Obitdahy. 
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Art.  XXXIV. — The  Solxition  of  Vulcanized  India  Rvhher  ^ 

by  Carl  Barus. 

1.  Introductory. — In  my  work*  on  the  solubility  of  glass 
in  water,  I  showed  that  in  proportion  as  the  state  of  dissocia- 
tion or  the  molecular  instability  of  glass  is  increased  with  rise 
of  temperature,  the  solvent  action  of  water  increases  at  an 
enormously  rapid  rate;  that  inasmuch  as  the  solution  takes 
place  between  a  solid  and  a  liquid,  sufficient  pressure  must  be 
applied  to  keep  the  fluid  in  the  liquid  state,  whenever  the 
vapor  tension  at  the  temperature  in  question  exceeds  the 
atmospheric  pressure.  Thus,  at  100°,  the  action  of  liquid  water 
on  glass  is  nearly  negligible;  but  even  at  185°  solution  occurs 
at  so  rapid  a  rate  that  capillary  tubes  may  become  filled  with 
solid  hydrated  silicate,  in  place  of  water,  in  an  hour.  Here, 
however,  about  10  atm.  must  be  applied  to  keep  the  solvent  in 
the  liQuid  state  essential  to  speedy  reaction. 

2.  ihe ^present  application, — Having  attempted  to  apply  the 
same  principle  to  the  actual  solution  of  vulcanized  India  rub- 
ber, I  obtained  confirmatory  results  at  once.  To  my  knowl- 
edge this  material  has  not  heretofore  been  advantageously  dis- 
solved in  a  volatile  reagent,  or  in  any  reagent  by  which  it  is 
speedily  and  copiously  taken  into  solution,  and  from  which  it 
may  be  conveniently  obtained.     Cf.  §4,  note. 

It  follows  by  analogy  from  §  1,  that  the  rubber  must  be  hot 
enough  to  be  in  a  state  of  dissociation,  i.  e.,  that  the  coherence 
of  the  rubber-sulphur  molecules  must  show  an  instability  in 
regard  to  whatever  solvent  may  be  used.     It  follows,  more- 

♦  This  Jour.,  xxxviii,  p.  408,  1889.     Ibid,  xli,  p.  1 10,  1891. 

Ax.  Jour.  Soi. — Third  Series,  Vol.  XLII,  No.  251.— November.  1891. 
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over,  that  tlie  system  of  rubber  and  solvent  is  to  be  kept  under 
pressure  siidiciont  to  insnre  the  liquid  state  of  the  Bolvent  It 
follows  obv'iouslv  that  this  temperature  mast  only  be  sohidi, 
ctet.  par,  :is  to  dianire  in  the  least  degree  poBsible,  the  nseinl 
character  of  the  rubber  eventually  to  be  deposited  from  soh- 
tioo.  Hence,  I  act  on  vulcanized  India  rubber  at  the  lowest 
convenient  temperature  facilitating  the  solvent  action,  and  ati 
pressure  preferably  exceeding  the  vapor  tension  of  the  solvent 
at  the  given  temperature.  Wiiatever  other  favorable  action  pres- 
sure may  exert  (sucli,  for  instance,  of  forcing  the  fluid  into  the 
physical  pores  of  the  semi-solid  by  a  principle  akin  to  Henty'f 
law)  is  clear  gain.  In  my  machine*  it  is  rather  more  conven- 
ient to  act  tinder  100  atm.,  or  more,  than  at  lower  pressures. 
Hence  I  did  not  scruple  to  use  pressures  as  large  as,  or  above. 
this,  testing  the  adequacy  of  low  pressures,  however,  by  specii! 
experiment     §5^  18,  20. 

The  samples  of  vulcanized  rubber  acted  on  were  five  in 
number,  and  their  character  may  be  detailed  as  follows : 

a.  Very  elasticf  sheet  rubber,  usually  not  pif^mented,  tnuis- 
lucent  in  thin  films,  brownish  in  color,  used  for  rubber  bands  anJ 
sheeting,  chemical  rubber  tubing,  etc. 

b.  Lees  elastic  and  harder  rubber,  pigmented  gray,  opaqae, 
largely  used  Tor  rubber  tubing,  etc. 

c.  Non-elastic,  pigmented  rnbbcr,  flexible,  opaqne  gr&y,  used 
for  low  cla»s  rubber  tubing  and  low  class  merchandiae  m  generaL 

d.  Ebonite. 

e.  Same  as  a,  rotted  by  age  and  exposure. 

3.  Solution  in  carbon  disnlphide. — From  experiments  made 
at  100°  and  lfiO°^  it  appearp  that  elastic  flheet  rnbber  (ffl,  is  n"t 
fullv  solub!e  in  OS  : w,,„.,i,i,.  t;,.,«  :f  .*  .11       1*  ;.  .n;... 
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15  atm.,  but  need  not  exceed  30  or  40  atm.  Inasmuch  as  CS, 
thus  unites  with  rubber  in  any  proportions,  clear  brown  solu- 
tions of  any  viscosity  may  be  obtained.  Diluting  such  (thick) 
Bolntions  with  cold  (DS,,  the  solvent  is  first  greedily  absorbed; 
but  the  final  complete  solution  of  the  unagitated  syrupy  rubber 
takes  places  very  slowly.  Finally,  by  exposing  any  of  the 
solutions  to  air,  the  CS,  evaporates,  and  the  dissolved  vulcan- 
ized rubber  is  regained  without  sacrifice  of  its  original  non- 
viscid  quality.  Similarly  fissured  brittle  sheet  rubber  or  tub- 
ing {e)j  which  has  become  useless  for  practical  purposes  by  age, 
is  quite  soluble  in  CS,  at  200°,  so  far  at  least  as  its  undecom- 
posed  portion  is  concerned.  Elastic  gray  rubber  (A),  dissolves 
completely  to  a  gray  liquid,  in  which  the  pigment  is  suspended. 
§  16.  The  concentrated  solution  hardens  at  once  on  exposure 
to  air,  reproducing  a  rubber  of  nearly  the  qualities  (A).  The 
same  is  true  of  the  non-elastic  sample  (c).  Treatment  at  310° 
resulted  in  a  decomposition  of  the  rubber. 

Commercial  ebonite  (d)  is  first  partially  devulcanized  at  200°, 
(excess  of  rubber)  and  eventually  dissolves  in  excess  of  solvent. 
The  partially  devulcanized  product  is  elastic  on  drying,  but 
finally  hardens  to  a  tough  solid  having  a  leathery  quality. 
The  solution  leaves  a  black  stain,  with  free  sulphur  apparent 
after  evaporation.  §  15.  Gases  are  frequently  evolved  during 
solution  of  highly  vulcanized  rubber  in  CS,.     §§  17  and  19. 

As  a  whole  my  experiments  show  that  excess  of  sulphur  is 
first  removed  by  the  solvent,  after  which  the  vulcanized  rub- 
ber itself  passes  into  solution.     S  15. 

4.  /Solution  in  liquids  of  the  paraffine  series, — The  elastic 
rubbers  {a  and  e)  dissolve  easily  in  liquid  mineral  oils,  at  200°. 
The  pressure  necessary  will,  of  course,  vary  with  the  b\)iling 
point  of  the  oil  used,  and  may  be  as  high  as  50  atm.  in  the 
very  volatile  gasolenes.  Commercial  gasolene,  though  a  good 
solvent  of  the  rubbers  a  and  e^  is  less  powerful  in  case  of  h  and 
Cj  unless  excess  of  solvent  be  used.     On  exposure  to  air,  the 

Ssolene  evaporates,  leaving  a  residue  which  soon  hardens. 
incral  oils  of  a  higher  carbon  order  than  gasolene,  petroleum,* 
for  instance,  dissolves  the  rubbers  a  and  e  even  more  easily. 
The  solution,  however,  dries  only  after  much  time  and  proba- 
bly only  in  thin  films.  Solubility  seems  to  increase  as  the  oil 
lies  higher  in  the  carbon  series.     §§  12,  18. 

*  Looking  up  the  literature  of  the  subject.  I  fouiul  that  John  .F.  Montf^oinery 
(Cf.  Letters  Patent  No.  :{(>8,189,  November,  1884,  U.  S.  Patent  Office),  describes 
a  process  for  the  solution  of  v-nlcanized  rubber.  His  statement  of  the  tempera- 
ture and  pressure  necessary  are  substantially  correct,  although  he  contines  his 
experiments  to  a  petroleum  oil  boiling  at  200"  or  higher.  The  oil  is  sub.sequeutly 
driyen  off  by  injections  of  steam.  This  is  the  nearest  approach  to  an  available 
and  true  solution  (a  solution  which  does  not  remain  permanently  sticky  like  the 
turpentine  and  other  solutions)  which  I  liave  found.  The  essential  peculiarity  of 
the  methods  in  the  above  text  is  solution  in  volatile  solvents. 
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5.  SolutitMi  in  turpentine. — In  case  of  the  elastic  robber  (a\ 
complete  solution  ib  at  once  effected  at  200°,  whereas  at  ordi- 
nary temperatnres  the  time  neeefigarr  is  enormons,  if  indeed 
the  Bohitions  in  the  two  cases  be  the  same  The  eyrnpv  \if\B\i 
obtained  at  200°  eeems  to  dry  in  very  thin  tilms.  Special 
experiments  made  at  160°  showed  that  no  reasonably  speedj 
solutioTi  takes  place  even  in  liquid  turpentine  at  this  tempen- 
tare,  thns  corroborating  the  inferences  of  §§  1,  2,  3.  Gra; 
rubber  (6)  is  acted  on  with  greater  difficulty  at  210°  The 
solution  leaves  a  white  glossy  stain  which  hardens.  Pressiin 
need  not  exceed  5  atm. 

6.  Solution  in  chloroform  and  carbtyn  tetrachloride. — Elastit 
sheet  rubber  («)  dissolves  at  once  in  liquid  CHOI,  at  210°. 
Pressure  shonld  exceed  15  atm.  and  need  not  be  larger  thu 
26  or  30  atm.  Solntions  of  any  degree  of  viscositT  seem  to  be 
obtainable.  They  dry  at  once  on  exposure  to  air,  leaving  i 
hard  residne  relatively  dark  in  color.  Possibly  this  was  due  ic 
the  presence  of  snlphur  in  the  chloroform.  §15.  Gray  nii> 
her  (6)  is  attacked  with  decomposition  of  the  solvent  and  ero- 
lution  of  pas 

7-  Solvlion  in  aniline. — Solution  in  the  liqiiid  at  200°  taie* 
place  at  once,  in  case  of  eia-stic  rubbers  («).  Pressure  need  doi 
exceed  a  few  atmospheres.  Thin  films  apparently  dry  on  Ions 
exposure. 

8,  Solution  in  animal  oj/j,— Neither  in  the  case  of  spenii 
oil,  nor  of  lard  oil  was  the  elastic  rubber  (a)  dissolved  nn 
removing  from  the  piezometer.  Both  distintegrated  on  stand- 
ing, to  a  solution,  often  with  slow  evolution  of  gas. 

&.  Treatment  with  glyeerin. — kt  200°  no  solution  oecnrs. 
Glycolic  alcohols  wen-  not  e^Bnline'l■     Of.  §  1" 


61  Barus — Solution  of  Vulcanized  India  Rubber.      368 

13.  Treatment  with  ketones. — India  rubber  {a)  treated  with 
liqaid  acetone  at  200°,  is  converted  into  a  sticky  paste  from 
wnich  it  hardens  at  once  on  exposure  to  air.  Pressure  should 
exceed  15  atni.,  but  need  not  be  greater  than  30  or  40  atm. 

14.  Treatment  toith  water  ana  77iineral  acids. — In  no  case 
was  there  a  trace  of  true  solution  at  210°.  Water  probably 
enters  the  physical  pores  of  the  elastic  rubber  {a\  as  this  sub- 
stance becomes  superficially  rough  and  warty  on  drying  in 
steam  at  200°,  after  being  treated  with  liquid  water  at  the 
same  temperature.  It  does  not  melt.  $$  18.  Strong  hydro- 
chloric acid  (1 : 2)  has  no  obvious  ellect,  while  strong  sulphuric 
acid  (1:3)  seems  only  to  char  the  rubber.  TreatiDg  gray  rub- 
ber (i),  with  HCl,  I  found  its  solubility  in  OS,,,  CJI,  and  gas- 
olene to  have  decreased. 

J5.  Treatment  for  vulcanization.  Lifjuid  ebonite. — Liquid 
ammonic  polysulphide  at  185°  or  200°  does  not  change  the 
appearance  of  gray  rubber  (J)  markedly ;  but  the  sample  loses 
its  elasticity  and  shows  a  semi-plastic  consistency.  This  I  be- 
lieve to  be  due  to  additional  vulcanization  induced  by  the  poly- 
sulphide. If  now  the  sample  be  treated  with  liquid  CS,  at 
200°,  the  solvent  is  decomposed  with  the  evolution  of  nmch 
gas,  and  the  rubber  restored  to  its  original  elastic  quality.  The 
gas  is  liberated  throughout  the  mass  of  the  rubber,  and  the 
sample,  when  taken  out  of  the  tube,  has  the  form  of  an  enor- 
mously inflated  cellulai*  sack,  which  issues  from  the  glass  tube 
explosively,  but  soon  collapses  on  exposuie  to  air.  As  a  whole 
these  results  agree  with  the  behavior  found  for  ebonite  In  §  3. 
In  both  eases  it  is  possible  to  pass  from  a  more  vulcanized  to  a 
less  vulcanized  solvent  by  treating  an  excess  of  rubber.  It 
will  be  shown  below,  ^  19,  that  the  gas  evolved  is  probably  due 
to  the  double  decomposition  of  water  and  CS,. 

More  interesting  is  the  direct  vulcanization  of  a  rubber  solu- 
tion, to  liquid  ebonite,  by  aid  of  a  solution  of  sulphur.  In  case 
of  elastic  sheet  rubber  (^0.  this  even  begins  at  10(»^ ;  but  it  is 
more  complete  at  185°  and  210°  In  case  of  pure  (non  vulcan- 
ized) rubber  dissolved  in  CS,  with  excess  of  sulphur,  scarcely 
any  change  of  tlrt3  flesh  color  is  observed  at  1H0°,  and  the  sul- 
phur crystallizes  out  of  the  solvent  in  needles,  on  exposure. 
At  185°  and  210°,  however,  the  charge  turns  black,  showing 
complete  vulcanization.  If  equal  njasses  of  vulcanized  rubber 
(a)  and  sulphur  be  treated,  the  product,  after  heating  to  210°, 
is  not  dissolved  nor  soluble,  until  the  excess  of  sulphur  is  re- 
moved. §§  3,  15.  Gas  is  often  evolved.  Jj§  17,  19.  In  pro- 
portion as  less  sulphur  is  used  relatively  to  the  rubber,  the 
product  becomes  more  immediately  soluble  and  less  gas  is 
evolved.  Adding  about  20  per  cent  of  dissolved  sulphur  to 
the  elastic  rubber  (a),  I  obtained  serviceable  solutions  of  ebo- 
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nite,  on  treating  at  200°  either  in  OS,  alone,  or  in  mixtnrte, 
§  16,  of  this  liquid  with  gasolene,  benzol,  etc.  In  most  cafs 
these  harden  very  qniekly  to  a  jet-black  enamel.  With  les 
sulphar  the  color  is  brown  in  thin  films. 

16.  Solution  in  fnixtnres  of  solvents,  and  soluHon  of  mini 
ffufm. — By  acting  on  vulcanized  rubbers  with  mixed  solvent 
of  the  above  kind,  I  obtained  very  satisfactory  results.  All 
the  rubbers  mentioned  {a  to  e),  ebonite  excepted,  paae  easilj 
into  true  solution  by  such  treatment.  Thus  the  gray  elastic 
rubber  (i)  dissolves  at  once  in  a  mixture  of  CS,  with  gasolene, 
or  benzol,  or  ether,  etc. ;  or  of  benzol  and  toluol ;  or  !«s 
easily  in  mixtures  of  benzol  and  gasolene ;  etc.  Ebonite  ij 
partially  devnlcanized,  and  would  probably  be  dissolved  in 
large  excess  of  solvent  ^  3,  No  gas  was  evolved  in  uv 
case,  ^  1^,  which  is  an  advantage  of  this  tuethod.  In  all 
cases  the  solutions  hardened  rapidly  on  exposure  to  air,  yield- 
ing tlic  ijigmented  rubber  if  the  solution  be  sliakeo,  or  a 
purer  rubber,  if  the  sediment  be  removed  by  subsidence  and 
decjmtation. 

Equally  feasible  is  the  solution  of  mixed  gums  in  a  suitable 
solvent  at  200°.  Thus  I  made  solutions  of  mixed  vulcanized 
rublwr  and  gutta  perclia  in  CS„  which  dried  at  once  on  ei- 
poBurc  to  air ;  mixtures  of  rubber  and  shellac  dissolved  in  CS^ 
drying  more  slowly;  mixtures  of  vulcanized  rubber  and  roetn 
dissolved  in  CS,  and  in  gasolene,  which  dried  in  thin  fihns  onlj 
after  long  exposure ;  etc. 

17.  Direct  devnleifnization. — When,  by  any  of  the  abore 
methods  a  solution  of  vulcanized  rubber  is  obtainable,  direct 
devuleanization  may  be  attempted  by  mixing  the  cbai^  with 

loinc  ^nlijliur  alisoriient.     Sncli  miiii-iiul  niuet.  bo  t-hot-eu  wlijtjj 
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ircely  attacked.*  In  fusing  impregnated  india  rubber,  §  18 
frequently  noticed  that  the  colder  ends  of  the  mass  were 
aquely  discolored.  Possibly,  therefore,  the  sulphur  at  200° 
iy  be  gradually  segregated  by  diffusion  or  evaporation.  My 
periraents  on  this  subject  failed. 

18.  FuBioii  of  impregnated  ruhher,  —  If  vulcanized  india 
bber  be  impregnated  or  saturated  by  digesting  it  with  the 
Id  reagent  (any  solvent  of  pure  rubber),  for  a  suitable  time 
few  minutes  to  many  hours),  the  swelled  mass  not  only 
ows  a  relatively  low  melting  point,  but  it  remains  liquid 
ter  cooling,  provided  the  solvent  is  not  allowed  to  escape, 
lis  is  an  observation  of  practical  importance,  since  the  re- 
rt6+  can  thus  be  charged  with  solid  or  dry  rubber,  a  minimum 
solvent  be  used  in  treating  or  lost  by  evaporation,  and  con- 
Qtrated  solutions  be  obtained  often  tit  to  be  used  at  once. 
le  rubber  so  melted  hardens  on  exposure.  Finally  the  pres- 
re  necessary  in  this  case  is  the  smallest  possible,  and  may  be 
low  the  data  given  for  the  divers  solvents  above. 
The  quantity  of  solvent  retained  by  solid  rubber  is  very 
•ge:  Thus  elastic  sheet  rubber  will  hold  7  or  8  times  its 
nght  of  CS„  or  1  to  2  times  its  weight  of  naphtha.  Gray 
bber  (elastic)  absorbs  more  than  its  weight  of  naphtha ;  etc. 
Experiments  may  be  cited  as  follows:  Non-impregnated 
ilcanized  rubbers  {a  to  e)  do  not  melt  if  exposed  in  a  closed 
be  at  210°.  Only  in  the  case  of  very  slightly  vulcanized 
ire  rubber  gum  is  there  a  trace  of  fusion  perceptible  at  the 
ges,  and  here  it  may  even  be  due  to  a  stain  of  dirt  (oil)  acci- 
ntally  left  there.  (Ti-ay  rubbers  (J,  c)  with  a  superficial  coat- 
5  of  exuded  sulphur,  turn  black  from  the  formation  of  a  film 
ebonite. 

All  the  india  rubbers  (a  to  e)  fuse  at  210°,  when  j^reviously 
tnrated,  or  nearly  so,  with  cold  carbon  disulphide,  and  exposed 
a  close-fitting  glass  tube.  If  the  pressure  be  reduced  by  a 
pillary  aperture  at  one  end  of  the  otherwise  closed  glass  tube, 
if  the  tube  be  only  partially  filled  and  the  empty  end  kept 
ol,  the  impregnating  solvent  is  merely  distilled  off,  and  no 
sion  takes  place.  Whereas  at  100°  fusion  scarcely  occurs, 
Biting  seems  to  be  complete  in  the  well  impregnated  elastic 
bber  (a)  at  175°.  There  is  therefore  an  approximate  coinci- 
inee  of  the  thermal  data  in  the  present  and  in  the  above 
ragraphs. 

*  Fortunately,  therefore,  steel  apparatus  is  available  on  a  large  scale.  An 
eresting  question  occurs  as  to  what  becomes  of  the  carbon,  in  the  case  where 
lium,  mercury,  copper,  etc.,  are  attacked  by  hot  liquid  CS9  and  not  by  cold  CSj. 
\  The  present  experiments  were  made  in  closed  glass  tubes,  nearly  Ailed  with 
)  impregnated  rubber.  After  fusion  the  mass  frequently  appeared  to  have 
Tink.     Cf.  §  2. 
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Similar  resnits  were  obtained  with  beoeo),  with  gasolene  >nd 
higher  petroleum  oils,  etc  FnsioD  is  absent  or  only  incipienl 
at  160°,  and  more  than  complete  at  210°,  provided  the  gasolene 
be  not  too  volatile.  §§4,  12.  In  general  the  erny  mbber; 
{&,  c)  fuse  to  a.  more  viscous  mass  than  the  gum  rubbers  (a),  the 
consigteDC,v  of  cold  solutions  in  the  latter  case  about  that  of 
treacle. 

The  occurrences  of  this  paragraph  therefore  woald  resemble 
the  fusion  of  a  salt  in  its  water  of  crystallization,  bnt  for  tbe 
exceptional  behavior  that  impregnated  vulcanized  robber  after 
fusion  retains  a  consistency  which  is  liquid  relatively  to  tLe 
original  non-impregnated  charge.  The  analogy  witli  tne  eola- 
tion of  starch,  or  of  gluten,  is  thus  more  close  and  immediate 
In  all  these  cases  the  solid  swells  np  when  impregnated  witli 
the  solvent,  and  fuses  to  a  relatively  less  viscoue  consistenev, 
or  to  a  tiiiu  sohition,  when  a  certain  temperature  (below 
100°  in  case  of  starch  and  gluten  and  above  160°  in  case  of 
vnlcanizod  india  rubber)  lias  been  reached.  Hence  it  b  not 
unreasonable  to  suspect  that  even  ordinary  dry  wood,  ur  woody 
tissue,  which  swetls  to  a  marked  degree  when  impregnated 
with  water,  may  pass  into  actual  solution  if  tbe  temperature  at 
which  the  water  acts  is  suHicicntly  high,  and  the  pressnre 
above  the  vapor  tension  of  water  at  that  temperature.* 

I  mention  tinally  that  the  reduction  of  melting  [xiint  pru- 
duced  in  vulcanized  india  rubber  by  the  impregnating  reagenii 
may  perhaps  advantageously  be  discussed  in  accordance  vitli 
Raouit's  hiw ;  but  owing  to  the  difficulty  of  defining  the  melt- 
ing point  of  the  unimpregnated  rubber,  and  the  close  prox- 
imity of  the  inoUiiig  pruiils  after  irn|iregiijition  with  diflereni 
■eitgerits  (CS,.  C',1I,.  g:isoleiiLM  tiiy  vit-ws  on  this  siibjecl  ha' 
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long  standing  in  sealed  vessels  a  gradual  thickening  of  the 
liquid  with  final  coagulation  seems  to  be  the  invariable  result. 
Thus  there  must  be  a  gradual  growing  together  of  the  indi- 
vidual particles,  until  tinally  the  whole  solution  forms  one  co- 
herent gelatinous  mass. 

To  summarize :  Suppose  the  coherence  of  rubber  to  be  due 
to  (cohesive)  affinities,  capable  of  being  saturated  like  ordinary 
affinities.  Then  in  case  of  impregnation  with  a  solvent,  a  part 
of  these  combine  with  the  similar  affinities  of  the  solvent. 
The  result  is  the  decided  decrease  of  tenacity  (observed).  To 
liquefy  the  impregnated  sample,  the  residual  cohesive  forces  of 
the  rubber  must  be  withdrawn,  and  this  can  be  done  by  heat. 
The  liquid  so  obtained,  I  do  not  conceive  to  be  a  true  solution, 
but  rather  a  suspension  of  particles,  the  exceeding  fineness  of 
which  is  determined  by  conditions  discussed  elsewhere.*  Dif- 
fusion is  thus  an  excessively  slow  process,  and  hence  the  liquid 
on  cooling  need  not  become  solid  again.  In  proportion  as 
the  individual  particles  unite  however,  coagulation  gradually 
sets  in,  and  its  structure  is  probably  that  of  a  fine  sponge  hold- 
ing solvent  in  its  interstices.  If  the  coagulated  solution  be 
reheated  (under  pressure),  a  thin  viscid  solution  is  again  ob- 
tained, which  in  its  turn  coagulates. 

19.  Behaviiyr  of  reagents, — The  frequent  occurrence  of 
gaseous  products  in  the  above  experiments  made  special  ex- 
periments on  the  decomposition  of  reagents  necessary.  Benzol 
and  gasolene  were  found  stable  at  210°,  and  often  above  this 
temperature,  both  in  the  presence  of  water,  or  of  sulphur. 
§21.  Carbon  disulpliide,  however,  in  addition  to  relatively 
slight  decompositions  producible  by  sodium,  or  mercury,  or 
copper  (§  17),  at  210°,  is  doubly  decomposed  by  water  at  this 
temperature,  with  the  evolution  of  much  gas,  presumably  H,S 
and  CO,.  CS,  remains  stable  in  the  presence  of  zinc  white  (a 
common  rubber  pigment),  or  of  sulphur,  or  of  bright  steel,  at 
210°.  §  17.  Hence  a  thread  of  mercury  to  shut  oil  the  ex- 
perimental tubes,  §  2,  is  generally  objectionable,  as  is  also  a 
thread  of  water  in  case  of  CS,.  Moreover  the  absence  of  gase- 
ous reaction  in  case  of  mixed  solvents,  §  16,  is  to  be  attributed 
to  the  fact  that  CS,  and  the  water  are  intentionally  separated 
by  layers  of  benzol  or  gasolene. 

An  interesting  question  is  suggested  here,  as  to  whether  it 
be  possible  to  express  affinity  on  a  scale  of  temperatures.  Let 
it  be  required  to  determine  the  affinity  of  a  metal  for  sulphur. 
At  ordinary  temperatures  not  even  sodium  decomposes  CS„ 
whereas  such  decomposition  occurs  if  the  temperature  be  suffi- 
ciently high.  Hence  the  temperature  at  which  the  decompo- 
sition definitely  sets  in  (for  copper  sooner  than  for  iron,  etc.)  is 

♦  Bams:  this  Journal,  xxxvii,  pp.  126-128,  1889. 
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a  reciprocal  expreBsion  of  the  affinity  of  the  giiren  metal  for 
siilpliur, — bearing  always  in  mind  that  the  stability  of  the 
solid  metallic  molecule  aleoentere  into  the  consideration.  The 
arbitrary  reagent  CS,.  in  its  relations  to  all  the  metals  to  be 
examined,  fullills  a  similar  purpose  to  an  arbitrary  spring 
balance  in  measuring  gravitational  forces.     §  21. 

20,  Stunmary  of  the  results. — In  the  above  paragraphs  I 
have  therefore  indicated  a  method  by  which  rulcanized  india 
rubber  of  any  quality  or  character  whatever,  as  well  as  the 
undecomposed  or  reclaimable  part  of  nibber  waste,  may  be 
dissolved  or  liquified  in  a  reasonably  short  time  ;*  the  solntion^ 
possessing  any  desirable  degree  of  viscosity  or  dilnteuees,  from 
which  iiidia  rubber  may  be  regained  on  evaporation  of  the 
solvent. 

I  shall  cleewherc  describe  divers  forms  of  apparatus  hj 
whicli  the  above  operations  may  be  carried  out  on  a  larger  scale. 
They  are  of  no  interest  here;  but  I  mention  them  since  it  is 
only  from  such  work  that  a  full  insight  into  the  quality  of  the 
rubber  deposited  from  any  given  solution  may  be  obtained 
Exjjerinients  made  in  bulk  in  this  way  showed  the  material 
deposited  from  solution  to-  be  considerably  inferior  to  the  orig- 
inal rubber,  hoth  as  regards  tenacity  and  elasticity.  Its  chief 
value  in  the  i>hysical  laboratory  will  therefore  be  that  of  fur- 
nishing an  air-tight  cement  or  an  acid-proof  varnish,  capable 
of  withstanding  more  than  200°  centigrade.  Rubber  newlv 
deposited  from  any  of  the  above  solutions  presents  a  verr 
curious  case  of  slowly  reacting  elasticity.  If  a  thread,  say  01 
cm.  thick,  be  twisted  and  then  let  go  on  a  frictionless  surface, 
it  will  sijiiinn  like  a  live  worm  for  some  minutes.  If  it  be 
stretched,  the  orii;inal  Icu^tli  is  rey.iiTieil  \n'th  vUtble  sluwueiA 
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whereas  the  effect  of  temperature  in  experiments  like  the 
above  is  manifest,  the  effect  of  pressures  of  the  order  applied 
is  relatively  inappreciable. 

21.  Digression, — From  the  above  paragraphs  I  infer  that 
the  difficulty  encountered  in  endeavoring  to  dissolve  carbon  is 
probably  attributable  to  a  relatively  high  dissociation  tempera- 
ture of  the  solid  carbon  molecule.  I  made  many  experiments 
to  test  this  view,  in  all  of  which  I  failed  to  obtain  solution 
even  at  low  red  heat  and  600  atm.  of  pressure.  My  work  thus 
corroborates  the  negative  results  of  Hannay*  on  the  direct  so- 
lution of  carbon.  My  tests  were  made  with  gasolene,  water, 
benzol  and  carbon  disulphide,  usually  at  500°  and  500  atm. 
In  case  of  gasolene  I  observed  at  higher  temperatures.  Usu- 
ally the  reagents  were  decomposed  (particularly  CS^,  C,H,  and 
CHCl,)  with  the  evolution  of  much  gas,  while  the  carbon  re- 
mained appreciably  unaffected.  Decomposition  by  metals 
(copper  corroded  by  CS,,  and  gasolene  acted  on  by  palladium) 
showed  sooty  deposits  only. 


AfiT.  XXXV. — Report  of  the  Examination  hy  Means  of  the 
Microscope  of  Spp.cimens  of  Infnsorial  Earths  of  the 
Pacific  Coast  of  the  United  States  /  by  Arthur  M.  Ed- 
wards, M.D. 

Some  time  since  I  had  transmitted  to  me  by  Mr.  George 
Gibbs,  the  geologist  of  the  Northwest  Boundary  Expedition,  a 
collection  of  earths  gathered  at  different  points  on  the  PaciiSc 
coast  of  the  United  States  in  the  states  of  Washington,  Oregon 
and  California,  as  well  as  Britisii  Columbia,  with  a  request 
that  I  would  make  an  examination  of  them  by  means  oi  the 
microscope,  the  more  particularly  for  the  purpose  of  determin- 
ing the  characters  of  the  organic  remains  to  be  found  in  them. 
Through  this  means  I  have  been  enabled  to  study  and  record 
the  discovery  of  several  deposits  of  minute  organisms,  and  at 
the  same  time  very  materially  assist  in  unraveling  the  geology 
of  some  points  of  the  country  hitherto  found  to  be  somewhat 
difficult  of  comprehension. 

At  the  time  these  examinations  were  made,  that  is  to  say,  in 
the  latter  part  of  the  year  1861,  very  little  was  known  concern- 
ing many  points  in  the  geology  of  our  Pacific  Coast,  and  my 
own  experience  in  the  study  of  such  earths  had  been  rather 
slight.     Hence,  when  1  made  my  report  in  1862,  I  was  unable 

*  Hanoay :  Proc.  Roy  Soc,  Ixxx,  p.  188,  1880;  Chem.  News,  xli,  p.  106,  1880. 
Gf.  Hanoajr  and  Hogarth:  Chem.  News,  xli,  p.  103.  1880;  Mallet  and  Hannay: 
Nature,  zxii,  p.  192,  1880. 
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to  go  very  fully  into  the  snbject  of  the  evident  mode  of  forma- 
tion of  the  strata  containing  the  inicroscopic  oT^anisme.  Since 
that  time  the  Geological  Survey  of  the  State  of  California  has 
been  nndei'taken  and  a  much  more  extended  suite  of  gather- 
ing has  come  into  my  hands. 

Through  the  knowledge  acquired  from  the  examination  of 
these  collections  made  at  various  points  from  Puget  Sound  to 
the  southernmost  Imrder  of  California,  I  have  been  enabled  to 
f  Ornish  such  information  that  the  history  of  both  the  marine  and 
fresh  water,  so  called,  Infusorial  deposits  of  that  portion  of  the 
country  has  been  pretty  thoroughly  worked  ont  With  regard 
to  the  marine  strata  very  little  has,  as  yet,  been  published. 
The  results  arrived  at  concerning  one  class  of  the  fresh  water 
strata  has  iieen  made  known  in  a  communication  of  Professor 
Whitney's  read  before  the  California  Academy  of  Kalunil 
Sciences,  February  4th,  1867.  {Proc.  Cal.  Academy,  vol.  iii. 
p.  319.)  These  he  has  therein  shown  to  be  the  beds  of  enor- 
mous extinct  lakes  or  inland  seas,  the  material  of  which  lia^ 
been  altered  in  character  by  the  superposition  upon  it  at  differ- 
ent periods  of  lava  or  sand  and  gravel  or  ashes  and  pumice. 
In  this  way  it  can  be  readily  understood  that,  as  the  volcanic 
action  cea-<es,  a  new  growth  of  microscopic  organisms  might 
take  place  over  the  erupted  material  lying  upon  the  older 
deposits  and,  in  fact,  that  many  such  layei-s  might  accumulate 
one  over  the  other.  Such  has  been  the  ease  at  various  points 
upon  the  Pacific  Coast  from  Pnget  Sound  to  Lake  Mono  in 
Eastern  California,  which  is  the  most  southern  point  from 
which  I  have  received  such  material.  At  some  future  time  I 
may  have  more  to  say  with  regard  to  tliis  class  of  deposits,  for 
1  have  examined  many  of   theiii  diiriiii;  the  progress  of  thf 
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from  each  other  only  in  time  and  in  the  fact  that  in  the  most 
recent  a  certain  amount  of  organic  matter  usually  remains  and 
the  material  is  light  and  readuy  pulverulent.  We  have  in  the 
older  one,  on  account  of  the  volcanic  heat  added  to,  or  with- 
out aqueous  action,  the  material  has  had  all  of  its  organic  mat- 
ter removed.  And  it  has  become  a  less  or  more  hard  rocky 
mass  of  a  light  color.  Hence  we  have  strata  of  a  totally  differ- 
ent character.  These  are  of  marine  origin  and  of  an  age  sup- 
posed to  be  coincident  with  the  Miocene  Tertiary.  At  all 
events  they  are  much  older  than  the  most  ancient  n-esh  water 
stratum  containing  Diatomacese  as  yet  discovered.  Of  the 
mode  of  formation  of  these  last  mentioned  strata  I  shall  not 
now  pause  to  treat,  as  I  have  already  thrown  out  some  hints 
respecting  my  opinions  upon  this  point  in  some  remarks  made 
before  the  Essex  Institute,  Salem,  Mass.,  January  4th,  1869, 
an  abstract  of  which  will  be  found  in  the  Bulletin  of  that  asso- 
ciation, vol.  i,  page  11.  I  have  treated  of  the  same  subject  in 
a  paper  read  before  the  American  Association  for  the  Advance- 
ment of  Science,  at  the  Salem  meeting,  August  25th,  1869. 
Hereafter  I  will  treat  fully  of  this  subject  in  my  report  on  the 
microscopic  material  of  the  Geological  Survey  of  California 
now  in  preparation. 

It  will  be  readily  perceived  that  it  is  fortunate  that  my 
report  on  the  matter  herein  treated  of  was  not  published  at  the 
time  it  was  sent  in,  and  I  feel  that  I  can  congratulate  myself 
that  Mr.  Gibbs  has  again  submitted  the  matter  to  me  for 
revision,  for  at  the  present  time  I  can  do  more  justice  to  it  and 
throw  light  upon  some  points  which,  at  the  time,  I  was  unable 
to  fully  comprehend. 

The  constantly  recurring  records  of  the  discovery  of  fossilif- 
erous  deposits  containing  the  remains  of  such  minute  organ- 
isms as  the  Diatomacea?,  Radiolaria  and  Rhizopoda,  constitut- 
ing the  well  known  '  Infusorial  earths '  of  most  geologists 
reveal  the  fact  that  these  atomies  play  a  very  important  part 
in  the  world's  future ;  and  while  almost  every  newly  found 
specimen  exhibits  one,  if  not  more,  of  what  have  been  consid- 
ered new  species,  it  proves,  at  the  same  time,  the  cosmopolitan 
character  of  many  already  known  forms,  which  are  thus  seen 
to  occur  spread  over  the  globe  in  great  profusion  from  the 
equator  to  the  poles.  In  some  cases  these  widely-spread  species 
will  not  vary  appreciably,  be  their  dwelling  place  under  the 
burning  sun  of  the  tropics,  the  more  equable  climate  of  the 
temperate  zone  or  the  frozen  fields  of  the  poles.  Other  forms, 
however,  on  the  contrary,  appear  to  vary  to  so  great  an  extent 
with  every  few  degrees  of  latitude  that  specimens  gathered  at 
the  equator  and  in  localities  a  very  little  removed  therefrom, 
either  north  or  south,  might  be  supposed,  on  superficial  exam 
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ination,  to  be  distinct.  So  markedl;  is  this  the  case  that  we 
not  un frequently  find  that  hasty  obBervere  have  bo  classed 
them  and  even  made  use  of  locality  for  the  determination  of 
specifit!  distinctions.  That  the  Diatomacese,  which  are  the 
oi^anisms  with  which  I  shall  most  particularly  treat  in  this 
paper,  are  extremely  cosmopolitan  in  their  habits;  in  fact, 
perhaps  more  so  than  any  other  group,  would  seem  to  be 
already  established,  but  the  imperfect  state  of  our  knowledge 
of  them  and  tlieir  life-history  at  present,  leaves  ue  a  great  d^ 
in  the  dark  as  to  the  full  extent  of  their  variation  dnring  the 
lapse  of  time  or  through  local  distribution.  Much  has  yet  t« 
be  done  in  this  field  of  investigation  and  large  and  widely 
extended  collections  made  of  both  the  recent  and  extinct 
forms,  before  we  can  assert  that  we  know  anything.very  certain 
with  regard  to  their  position  in  the  chain  of  being,  their  habits. 
'  history,  or  range  of  variations  in  time  or  Bpac&  I  do  not,  at 
the  present  time,  desire  to  go  more  fully  into  this  branch  of 
the  subject,  merely  confining  myself  to  a  thorough  report 
upon  the  specimens  submitted  to  me  by  Mr.  Gibbs,  The 
student  who  desires  to  follow  researches  in  a  field  which  will 
yield  profitable  returns  cannot  choose  for  himself  one  in  which 
less  is  known,  perhaps,  than  this,  and  when  its  applications  to 
geology  are  considered,  for  my  part,  I  can  hardly  imagine  one 
more  enticing. 

Below  I  give  a  list  of  the  specimens  sent  to  me  for  examina- 
tion by  Mr.  Gibbs  and  whion   were  collected  by  him  during 
the  prosecution  of  the  Northwest  Boundary  Survey. 
*  Hi)t  spring,  Harrison's  lake,  British  Columbia. 
Nahchesfi  rivtr,  Washington. 
Alkiiliru'  .loposit.  Siinilk^Ttieii  nv.T,  Washinjrton. 
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sacli  remains  appeared  and  those  that  showed  signs  of  yielding 
definite  results  were  set  aside  for  further  study  after  they  had 
been  properly  prepared.  In  this  way  all  of  the  specimens  sub- 
mitted to  me  were  examined. 

Most  of  them  were  found  to  contain  no  traces  of  organic 
remains  by  means  of  which  might  be  ascertained  their  origin, 
as  desired.  The  presence  of  the  siliceous  skeletons  of  Diato- 
maceae  in  any  earth,  or  deposit  of  any  kind  reveals  at  once  the 
fact  that  such  a  deposit  has  formed  beneath  the  surface  of 
water  or,  if  the  remains  are  not  evenly  distributed  throughout 
its  mass,  it  may  have  been  overflowed  by  water  having  Dia- 
tomacese  livmg  in  it.  Besides  this,  it  may  be  also  ascertained 
as  to  whether  it  has  been  thrown  down  from  fresh  water  or  in 
the  ocean.  Although  this  branch  of  the  subject  has  not 
received  the  attention  that  itn  importance  deserves  yet  we  can 
with  some  considerable  degree  of  certainty  even  determine  as 
to  whether  the  water  from  which  such  a  deposit  was  thrown 
down  was  a  lake,  a  bog  or  marsh,  an  estuary  or  the  open  ocean. 
As  the  matter  comes  to  be  more  fully  studied  and  the  knowl- 
edge  of  facts  is  increased  we  shall  doubtless  be  able  to  deter- 
mine these  and  similar  points  with  a  greater  degree  of  accuracy. 

The  indestructible  nature  of  these  skeletons,  on  account  of 
their  consisting  mainly  if  not  entirely  of  silica,  deposited  dur- 
ing the  life  of  the  plant  in  its  tissues,  preserves  for  the  student 
of  nature  a  record  of  former  aqueous  submergence,  and,  as 
their  distinctive  characters  are  not  very  difhcult  of  recognition 
by  careful  students  we  thus  have  typical  forms  of  organisms 
to  use  for  the  purpose  of  determining  the  marine  or  fresh 
water  origin  of  any  specimen  under  examination.  At  the  same 
time  it  must  be  remarked  that  by  far  the  greatest  portion  of 
the  time  that  has  been  spent  bv  most  observers  on  the  Diato- 
maceie  has  been  evidently  mainly  for  the  purpose  of  discover- 
ing new  forms  rather  than  ascertaining  the  life-history  or  even 
the  distinctive  characters  of  already  known  species.  So  that 
our  lists  have  become  but  a  heterogeneous  mass  of  mere  names 
applied  to  often  accidental,  sometimes  distorted  or  even  frac- 
tured specimens.  I  can  not  too  eaniestly  enter  my  protest 
against  the  recognition  of  the  species-monger  as  a  naturalist ; 
such  observations  and  records  as  those  I  allude  to  do  not  only  not 
advance  our  knowledge  but  certainly  retard  its  progress  by 
placing  new  obstacles  in  the  path  of  the  student  of  nature. 
Elsewhere  I  have  spoken  more  fully  on  this  subject  and  shown 
how  it  is  that  this  branch  of  biology  has  fallen  undeservedly 
into  disrepute  among  scientific  naturalists ;  at  the  present  time 
I  will  refrain  from  saying  more  than  I  have  already  put  upon 
record. 
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From  what  liaB  been  said  with  regard  to  distiDgQiehing  tbe 
origin  of  a  deposit  by  meons  of  the  minute  remains  present 
ID  it,  it  will  be  readiiy  nnderstood  that  we  can  thu8  determine 
to  a  certain  extent  its  age,  as  to  whether  the  overlying  water 
has  been  fresh,  brackisli  or  salt  In  the  last  case  we  shall  find 
present  such  oceanic  genera  as  Triceratium,  Cosciaodiscas, 
AulacodiBciis,  or  Actinocyelus.  If  the  source  of  the  deposit 
has  been  tbe  shallow  water  along  shore  we  should  expect  to 
find  Httoral  species  among  which  would  be  some  of  tbe  Plen- 
rosigma  or  Amphiprora;  often,  of  course  mixed  with  deeper 
water  forms  or  even  fresh  water  varieties  accidentally  mixed  by 
being  washed  down  from  elevated  stations.  On  the  other 
hanu  if  we  find  the  genera  Tabellaria,  Cocconema  or  Himan- 
tidium  to  t«  present,  the  fresh-water  origin  of  the  gathering  is 
established.  So  a  group  of  mixed  marine  and  fresh-water 
species  would  indicate  the  formation  of  such  a  deposit  under 
very  peculiar  circumstances,  but  such  mixtures  are  extremely 
rare.  One  of  the  few  of  this  character  which  I  have  seen 
being  a  gathering  of  living  specimens  from  the  St.  Johnu 
river  in  Florida,  which  on  account  of  its  course  being  nearly 
North  and  South,  is  so  affected  by  the  tides  that  the  marine 
species  of  Diatomaceie  at  least  are  carried  up  almost  to  its  head. 
At  some  future  time  when  the  life  history  of  these  minute 
forms  is  better  understood  observers  will  doubtless  be  able  to 
a-'certain  from  the  examination  of  gatherings  of  tbe  siliceous 
skeletons  whether  they  have  grown  and  been  deposited  in  a 
lake,  river  or  brook,  near  tlie  level  of  the  sea  or  at  high  alti- 
tudes as  well  as  the  fact  of  the  fresh  or  salt  character  of  the 
water.  In  fact  I  feel  convinced  that  a  time  will  come  when 
tills   mode  of  study  applied   ti.i  (ie[K)sits  fjeiK'i 
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in  the  case  of  the  Mystic  Pond,  near  Boston,  Mass.  Here  the 
bed  of  the  pond  is  much  below  that  of  the  river  which  serves 
as  its  outlet,  so  that  at  the  time  of  high  tides  the  salt  water, 
which  on  account  of  its  superior  density  creeps  up  beneath  the 
fresh  water,  runs  over  the  bar  at  the  entrance  and  flows  down 
into  the  pond,  thus  mixing  the  forms  of  life  found  therein. 
An  account  of  this  locality  with  a  list  of  the  forms  of  Diato- 
maceae  observed  in  the  mud  brought  up  from  the  bottom  of 
the  pond  by  Messrs.  Greenleaf  and  Stodder  will  be  found  in 
the  Proceedings  of  the  Boston  Society  of  Natural  History, 
vol.  viii,  page  119.  So  also  I  have  examined  a  locality  of  a 
like  kind  upon  Phillips'  Beach  between  Swampscott  and 
,  Marblehead,  Mass.  Here  a  small  mass  of  fresh  water  fed  at 
uncertain  periods  by  intermitting  streams,  by  drainage  or  by 
infiltration  of  water  through  the  beach  sand,  by  which  the  salt 
is  removed,  lies  a  short  distance  within  and  at  a  lower  level 
than  the  shore  and  in  it  grow  many  fresh  water  plants  and 
are  found  several  fresh  water  animals.  Yet  at  times  of  high 
tide  or  during  storms  the  salt  water  must  find  egress,  for  in  it 
I  observed  marine  species  of  Diatomaccie  in  the  mud  taken 
from  the  bottom  and,  in  fact,  some  few  were  noticed  living  in 
the  water  of  the  pond. 

The  microscope  thus  applied  to  geology,  in  the  hands  of 
experienced  and  competent  observers,  besides  the  above,  re- 
veals the  fact  as  to  whether  a  gathering  under  examination  be 
of  recent  origin,  deposited  in  a  pond,  lake,  river,  marsh,  bay, 
or  ocean  in  existence  at  the  time;  or  contain  mostlv  extinct 
forms  or  be  situated  in  time  below  the  alluvial,  and  hence  to 
be  classed  among  the  truly  fossil  strata.  So  that  by  means  of 
such  an  examination  we  come  to  classify  specimens  containing 
DiatomaceBe  according  to  the  age  or  mode  of  occurrence  oi 
these  forms,  and  I  have  provisionally  grouped  my  gatherings 
into,  first:  Recent,  both  marine  and  fresh  water;  second. 
Lacustrine  sedimentary,  now  forming,  although  in  many  cases 
dating  their  period  or  origin  as  far  back  as  the  Post-(jlacial. 
The  recorded  occurrences  of  similar  deposits  of  fresh  water 
forms  in  the  Tertiary  I  consider  extremely  doubtful ;  third, 
we  have  then  the  deposits  to  which  I  have  given  the  distinc- 
tive title  of  sub-Plutonic  and  the  mode  of  occurrence  of  which 
I  have  alluded  to  above ;  fourth,  thereafter  and  lastly  we  have 
the  true  Marine  Fossiliferous  strata  which,  as  far  as  recorded, 
have  been  found  only  in  the  Lower  Miocene  Tertiary.  A 
subdivision  of  some  of  these  groups  is  convenient;  as,  for 
instance,  the  recent  gatherings  may  be  so  arranged  as  to  indi- 
cate the  peculiar  habitat  of  the  species  contained  in  it ;  the 
so-called  *'  natural  leathers  "  and  "  paper ;"  the  soundings  from 
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the  Bea-bottom  or  shell  cleaiiinf^is,  ae  well  as  harbor  mndi, 
the  contents  of  the  inteetioes  of  marine  and  freeh  water  aoi 
mala  and  the  like  be  indicated.  However,  I  think  that  nearlv 
all  gatherings  may  be  fairlj  grouped  nnder  the  four  heads  1 
have  adopted. 

As  the  tendency  of  most  persons  wlio  have  turned  their 
attention  to  the  Diatoinaeefe,  which  are  the  orgaaisms  I  shall 
more  particularly  consider  in  this  report,  has  been  towards 
looking  for  differences  where  similitudes  should  have  been 
searched  after,  I  must  be  permitted  to  say  a  few  words  on  that 
point  The  progress  of  time,  the  more  especially  if  it  be  verr 
much  extended,  may,  and  in  fact  will,  so  change  the  apparent 
characters  of  all  living  organisms  that  they  can  hardly,  m  the 
present  condition  of  our  knowledge,  be  distinguished  one  from 
another;  but  tliey  will  most  assuredly  revert  to  the  paretil 
type,  even  if  the  modifying  influence  be  continued  in  power. 
so  strong,  so  persistent,  so  fundamental  is  the  inherent  genn- 
force  implanted  in  the  individual.  The  Diatomacea?  are  not 
so  liable  to  be  influenced  by  outward  circumstancea,  apparently, 
as  some  other  groups ;  but,  at  the  same  time,  understood  enei^e« 
do  affect  them  very  materially,  so  as  to  change  their  outline, 
for  instance,  leaving  their  main  characters  of  sculptare  intact 
I  very  much  doubt  if  time  has  as  great  or  as  lasting  an  effect 
in  causing  such  modifications  as  locality  and,  therefore,  mmi 
consider  the  use  of  this  point  as  a  tiasis  for  distinguishing 
species  to  be  imscientific  and  unjustified,  at  least  with  r^ard 
to  these  organisms. 

Among  the  specimens  I  have  to  report  upon  herein,  we 
have  examples  of  all  of  the  four  groups  I  have  adopted,  ae 
Recent.  Liicustriiic,  Sefiiiiieiitary,  iiriil  s-iib-I'lntuuic,  under  wbicli 
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*  Shookum  Chuck,  a  branch  of  the  Chihalis  river  which  flows 

into  Gray's  Harbor,  Washington. 

*  Colseed  Bay,  Hood's  Canal,  Washington. 
Pit  River,  eight  miles  from  Fort  Crook,  Cal. 

These  may  all  be  supposed  to  belong  to  the  western  or  coast 
f^lope  of  the  mountain  range,  altl^ough  Mr.  Gibbs  says  that  that 
from  Pit  river,  the  eastern  branch  of  the  Sacramento,  may 
belong  to  either  side. 

Of  the  fifteen  earths  but  seven  were  found  to  contain  the 
remains  of  Diatomacese. 

*  Hot  Spring,  Harrison's  lake,  B.  C. 

This  consists  of  a  saline  mass  evidently  deposited  by  the  hot 
spring,  but  contains  no  organic  remains. 

Nahchess  river,  Washington. 

No  organic  remains. 

Alkaline  deposits,  Similkamen  river,  Washington. 

This  specimen  is  of  very  much  the  same  general  character  as 
the  first. 

*  Steilacoom  Creek,  No.  1,  Washington. 

*  Steilacoom  Creek,  No.  2,  " 

*  Point  Roberts,  Washington. 

*  Bluff  west  of  Camp  Simiahmoo,  Washington. 

No  organic  remains. 

*  Camp  Simiahoo,  No.  1,  Washington. 

A  lacustrine  sedimentry  deposit,  containing : 

Amphiprora  navicularis.  Gompbonema  intricatum.  Himan- 
tidium  bidens.  Himantidium  gracile.  Melosira  varians.  Pin- 
nularia  major.  Pinnularia  viridis.  Pinnularia  mesolepta.  Stau- 
roneis  anceps. 

Camp  Similkamen,  No.  2,  Washington. 
No  organic  remains. 

*  Camp  Similkamen,  No.  3,  Washington. 

A  lacustrine  sedimentary  deposit,  containing : 

Amphiprora  navicularis.  Cocconema  leptoeeros.  Cocconema 
lAnceoiatum.  Cymbella  ?.  C.  ?.  Gomphonema  (Pinnularia) 
amphioxys.  Gomphonema  olivaceum,  Himantidium  arcus.  Hi- 
mantidium biceps.  Himantidium  bidens.  Himantidium  ?. 
Navicula  elliptica.  Navicula  cuspidata.  Navicula  amphigom- 
phus.  Nitzschia  (Synedra)  spectabilis.  Orthosira  distans. 
rinnularia  gigas.  Pinnularia  dactilus.  Pinnularia  nobilis.  Kn- 
nularia  mesolepta.  Pinnularia  viridis.  Pinnularia  tabellaria. 
Pinnularia  Johnsonii.  Pinnularia  ?.  Stauronies  phoenicenteron. 
Sarirella  cratioala. 
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Amphiprora  navicularts  is  the  one  Ebrenberg  has  given  that 
name  to  aiid  is  quite  common  in  lacustrine  sedimentarj  de- 
posits in  tills  country  although  I  do  not  remember  ever  to 
nave  seen  it  anywhere  else.  The  form  I  have  called  IfitzBchk 
spectahilis  evidently  belongs  to  that  gepus  ^nd  appears  to  be 
identical  with  Synfidra  spectabilis  C.  E.  Wenisb  (Syn.  Brit.  Diat 
1853,  139),  who  describes  a  form  as  Hitsachia  acalaris  W.  S., 
thoB  claiming  the  autliorship,  although  lie  gives  Syriedra  acalarU 
as  the  original  form  and  Kiitzing  as  the  founder.  The  fact  k 
that  Synedra  aealaris  was  founded  by  Ebrenberg  (Aiuer.  137, 
II,  ii,  18)  and  his  form  was  from  freshwater  at  Surinam,  and 
Andover,  Conn.  A  form  answering  to  it  in  every  way  is  noi 
uncommon  in  this  coimtry  in  lH>th  the  recent  state  and  in 
deposits.  It  varies  much  in  size  and  in  coarseness  of  its  mark- 
ings but  always  preserves  essentially  the  same  characters.  I 
cannot  see  in  what  particulars  Synedra  scalarU  differs  from 
Synedra  apectahilia  except  in  size,  a  character  which  can  hardly 
be  considered  specific.  I  prefer  to  group  all  of  these  form? 
together. 

In  this  specimen  llimantidium  aolsirofii  occars  with  the 
internal  cells  described  by  Italfs  in  the  Quart  Jour,  of  Uie. 
Sci.,  vi,  14,  and  which  peculiarity  has  also  been  seen  in 
Meridion  and  Odontidium. 

Winass  River,  Washington. 

A  biird  white  mass  not  readily  broken  down  and  contains  no 
organic  matter,  that  having  been  burned  out;  in  fact  it  is  a 
gjiecimen  of  the  kind  of  strata  I  have  mentioned  above  which 
Prof.  Whitney  has  sliown  to  have  been  affected  by  volcanic 
liciit.  tin  tWColnmbiaR'iM'r  lln^sr  strata  wcix'  fotiuJ  for  tlif 
lii'si,  time  by  Fremont  and  exaniiiiiid  by  Bailiiv  who  howei 
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Epithemia  gibberula.  Epithemia  granulata.  Gomphonema  di- 
chotoAium.  Odontidinm  mutabile.  Orthoaira  ?.  Pinnularia  ?. 
Synedra  capitata.     Synedra  radians.      Tabellaria  flocculosum. 

*  Colseed  Bay,  Hood's  Canal,  Washington.  A  lacustrine  sedi- 
mentary deposit  containing : 

Cocconeis  placentula.  Cyclotella  rotula.  Epithemia  adnata. 
Epithemia  luna.  Gomphonema  vibrio.  Melosira  ?.  Navicula 
elliptica.  Navicula  ?.  Pinnularia  major.  Pinnularia  ?.  Ortho- 
fiirn  ^"'^halfia.     Odontidium  ?    Tetracyclus  ?. 

Pit  River,  8  miles  from  Fort  Crook,  Cal.  A  sub-Plutonic 
deposit. 

Amphora  ovalis.  Cyclotella  Astrea.  Cyclotella  rotula.  Cym- 
bella  ?.  Cymatopleura  elliptica.  Fragillaria  striatula.  Gompho- 
nema eapitatum.  Gomphonema  constrictum.  Gomphonema  ?. 
Epithemia  gibba.  Epithemia  luna.  Surirella  splendida.  Suri- 
rella  linearis.  Tetracyclus  lacustris.  Stauroncis  punctata.  Pin- 
nularia major,     prthofi^ra  ?.     Navicula  cuspidata. 

Having  now  given  the  results  of  the  examination  of  the 
first  parcel  of  earths  submitted  to  me  by  Mr.  Gibbs  I  will 
point  out  some  of  the  results  arrived  at.  Bailey  having  had 
sent  to  him  several  specimens  of  so-called  '  infusorial  earths ' 
as  those  brought  home  by  Fremont,  Blake  and  others,  ascer- 
tained, as  he  supposed,  that  ^11  of  those  collected  upon  the 
eastern  slope  of  the  Sierra  Nevada  Mountains  were  of  fresh 
water  origin,  while  those  from  the  Coast  Range  contained  the 
remains  of  Diatomucetie  only.  It  became  interesting,  there- 
fore, in  examining  the  specimens  put  into  my  hands  to  ascer- 
tain if  therefrom  I  was  prepared  to  confirm  or  refute  this 
assertion  of  Bailey's,  upon  which,  of  course,  geologists  had 
depended  for  drawing  deductions.  Up  to  the  time  of  the  pub- 
lication of  the  paper  of  Professor  Whitney  in  the  Proceed- 
ings of  the  California  Academy,  which  I  have  alluded  to,  the 
true  character  of  these  sub-Plutonic  deposits  was  entirely  mis- 
understood. And  this  arose,  doubtless,  to  a  certain  extent, 
from  their  occurring  only  in  one  portion  of  the  world  where 
naturalists  have  traveled  little  and  where  the  microscope  as 
applied  to  geology  has  as  yet  not  made  much  progress.  But 
the  lacustrine  sedimentary,  or  sub-Peat,  deposits  are  found 
all  over  the  world  and  have  been  much  examined  by  micro- 
scopists.  That  these  and  the  first  mentioned  should  have  been 
classed  together  and  neither  of  them  understood  is,  perhaps, 
not  so  surprising  when  we  consider  that  few  microscopists  are 
naturalists ;  that  instrument  having  been  too  often  used  as  a 
toy  and  not  employed  as  an  instrument  of  research.  It  is  not 
to  be  wondered  at  perhaps  that  Bailey  did  not  comprehend  the 
origin  and  geological  position  of  these  two  classes  of  strata  and 
it  is  to  be  hoped  that  what  I  have  said  herein  will  at  least 
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help  to  prove  intereeting  upon  this  point.  Botb  of  the« 
clames  of  deposits  hAve  been  called  '  loeeil,'  bat  if  either  of 
them  can  be  properly  so  deeignated  it  must  be  the  snb-Plntonic 
one  alone ;  the  otnera  are  of  recent  orinn  and  identical 
deposits  are  now  undergoing  formation  alT  over  the  world. 
Thus,  all  tbrongh  the  New  England  States  they  are  very  com- 
mon. At  Bemus  Lake,  in  Xew  Hampshire,  the  bed  of  that 
piece  of  water  when  stirred  np  by  means  of  a  pole  is  seen  t*i 
be  almost  white  in  color  aiid  consist  entirely  of  the  dead  6hell> 
of  Diatoniaceee.  As  Bailey's  conclusions,  althongh  they  had 
been  founded  upon  extremely  slight  foundatioDB,  bad  been 
accepted  by  geologists  generally  it  came  to  be  asserted  that  di> 
fresh  water  deposits  of  Diatomaceee  were  to  be  fonnd  upon 
the  coast  side  of  the  Sierra  Nevada,  only  marine  strata  being 
there  seen  and  not  extending  to  the  western  slope  of  the 
monntaios.  Hence,  it  became  of  interest  to  determine  whether 
the  deposits  discovered  since  Bailey's  time  in  that  part  of  the 
country  bore  out  his  theory  or  not,  and  this  was  one  of  tlif 
questions  put  to  me  when  these  specimens  were  placed  iu  inv 
hands. 

As  will  be  eeen,  all  of  the  seven  deposits  which  I  fonud  to 
contain  the  remains  of  Diatoinaeeee,  in  the  above  mentioned 
collection,  are  of  fresh  water  origin,  three  of  them  beinp 
decidedly  of  recent  formation,  or  lacnstrtne  sedimentary,  and 
the  other  four  from  the  beds  of  extinct  lakes,  or  Bub-Plutonic. 
It  will  also  be  noted  that  all  of  them  with  the  exception  of 
one,  that  from  Wiiiass  River,  are  from  the  western  side  of  tbt 
mountains,  that  one  being  from  the  east.  However,  from 
what  I  have  already  said  respecting  the  mode  of  formation  of 
tlieee  fresli  wiiter  ^tnir;i  cont^iiuiii.'   l)i;it.iiiin  il      
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Near  Monterey,  Cal. 

Pit  River,  Lower  CaSion,  Cal. 

Pit  River,  Lower  California. 

Monterey,  Cal. 

Monterey,  Cal. 

San  Francisco,  Cal. 

Pit  River,  above  Lower  Canon,  Cal. 

Dalles  of  the  Columbia,  Oregon. 

San  Diego,  Cal. 

San  Pablo  Bay,  Cal. 

Black  Canon,  Colorado  River,  Cal. 

"  White  Rock,"  Colorado  River,  Cal. 

"  White  Rock,"  Colorado  River,  Cal. 

"  White  Rock,"  Colorado  River,  Cal. 

Monterey,  Cal. 

Monterey,  Cal. 

Psucseeque  Creek^  Oregon. 

Monterey,  Cal. 

[Smithsonian  Catalogue.] 

San  Joaquin  Valley,  Cal. 

I  have  indicated  the  geographical  position  of  the  localities 
in  this  list,  as  far  as  known,  in  the  same  manner  as  employed 
in  the  preceding  catalogue,  that  is  to  say,  those  marked  with  a 
star  (*)  are  from  the  western  side  of  the  mountains,  while  the 
others,  with  the  exception  of  No.  1,  20,  which  is  from  the  gap 
between  the  Sierra  Nevada  where  it  joins  the  Cascade,  which 
is  a  portion  of  the  Coast  Range,  are  from  the  east  of  the  slope. 

1.  26.  Shores  of  Lower  Klamath  Lake,  borders  of  Oregon 
and  California.  « 

The  position  of  the  bed  from  which  this  specimen  was  taken 
and  its  relation  to  the  overlying  trap  will  be  understood  from 
what  Dr.  Newberry  has  said  in  his  report  on  the  geology  of 
this  section  of  country.  (P.  R.  R.  Report,  vol.  vi,  part 
[I,  Geology,  pp.  37  and  38.)     It  is  sub-Plutonic. 

Cyclotella  rotula.  Epithema  granulata.  Orthosira  orichalcea. 
Pinnularia  viridis.  " 

*  2.     28.     Monterey,  Cal. 

Of  this  as  well  as  those  numbered  No.  3,  4,  6,  9,  11,  14,  15, 
21,  23,  and  25,  I  will  speak  hereafter  together,  as  they  all 
came  from  the  same  strata  of  the  Miocene  Tertiary. 

♦  6.     65.     Pit  River  Valley,  Cal. 

From  a  sub-Plutonic  deposit.  On  the  banks  of  the  Pit 
River  these  so-called  "  infusorial  marls  *'  present  a  very  strik- 
ingly pecuUar  appearance  and  often  modify  very  greatly  the 
character  of  this  whole  tract  of  country.  Dr.  Newberry 
(p.  82)  has  pointed  out  the  characters  of  this  district  and,  in 
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connection  with  the  examination  of  these  specimens  it  may  be 
o£  interest  here  to  quote  somewhat  from  bis  report  He  B»yf 
that  '  they  appear  on  both  sides  of  Pit  River  at  intervals  of 
several  miles,  being  in  many  places  interrupted  or  covered  bv 
tlie  beds  of  clay.  They  are  perliaps  best  exposed  in  the  cafion 
formed  by  the  passa^  of  the  river  through  'StoncmatiV 
Kidge,'  the  most  conspicaons  of  the  Hnes  of  upheaval,  which 
form  what  is  known  as  the  lower  cation  of  Pit  River.  They 
here  exhibit  a  thickness  o[  about  fifty  feet,  but  are  coneideni- 
biy  tilted  up,  and  covered  by  a  thick  bed  of  trap,  which  \m 
been  poured  out  over  them.  In  some  places  this  alternation 
of  Diatomaceous  deposit  and  trap  is  often  repeated  as,  foe 
example,  on  the  Psucseeque  Creek,  a  tributary  of  the  Des 
Chutes  River;  the  bank  is  capped  by  hard  columnar  trap  and 
beneath  this  are  snccessivc  strata  varying  in  thickness  and 
forming  steps  of  thirty  to  forty  feet  wide.  These  steps,  which 
at  this  point  number  twelve,  have  been  formed  by  the  more 
ready  wearing  away  by  weathering  of  the  '  infusorial '  depo^iU. 
they  being  protected  above  and  below  to  a  certain  extent  bj 
layers  of  tufa,  concrete  or  trap.  These  deposits  represent  the 
enormous  extinct  fresh  water  seas  which  at  one  time  extended 
over  a  large  part  of  onr  continent.  Those  who  are  interested 
in  the  subject  will  find  more  particulars  in  the  sixth  volnmeof 
the  Pacific  Railroad  Survey,  in  the  paper  by  Professor  Whit- 
ney I  have  alluded  to  above,  and  in  a  paper  read  May  16, 1810. 
before  the  New  York  Lyceum  of  Natural  History  by  Dr.  J. 
S.  Newberry  and  published  in  the  Proceedings  for  that  month. 
I  found  the  following  : 
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personal  examination  of   the   original  material  in  the  Bailey 
Collection,  Boston. 

*  10.  57.  Monterey,  Cal. 

A  sub-Peat  deposit  of  Melosira  varianfi  with  sporangia. 
There  are  small  quantities  of  Synedra  radians,  Nitschia 
linearis  and  Fragillaria  virescens, 

*  13.  Dalles  of  the  Columbia,  O. 

A  sub- Peat  deposit  containing  sand  and  Orthosira  punctata. 
*20.   17.  Monterey,  Cal. 

A  specimen  of  a  Miocene,  Oligocene  or  Eocene  Tertiary  as 
is  proved  by  the  shells  of  Foraminifera  contained  in  it. 


*    2. 

23. 

Monterey,  Cal. 

*    3. 

1. 

San  Francisco,  Cal. 

*    4. 

San  Diego,  Cal. 

*    6. 

56. 

Near  Monterey,  Cal. 

*    9. 

60. 

Monterey,  Cal. 

*11. 

58. 

San  Francisco,  Cal. 

*U. 

28. 

San  Diego,  Cal. 

*  15. 

9. 

San  Pablo  Bay,  Cal. 

*21. 

24. 

Monterey,  Cal. 

♦23. 

Monterey,  Cal. 

*25. 

San  Joaquin  Valley,  Cal. 

These  specimens  are  evidently  gatherings  made  at  different 
parts  of  a  marine  fossiliferous  deposit  discovered  by  W.  P. 
Blake  and  described  by  him  in  the  Proceedings  of  the  Phila- 
delphia Academy  of  ^Natural  Sciences,  vol.  vii,  page  328  for 
1854-5.  The  locality  is  mentioned  as  being  about  two  miles 
distant  from  the  town  of  Monterev  and  the  stratum  is  revealed 
on  the  side  of  a  hill  some  500  to  600  feet  high,  consisting  for 
the  most  part  of  this  white  'infusorial  earth'  interstratified 
with  compact  siliceous  layers  of  a  dark  material  supposed  to 
be  bituminous  in  character.  The  earth  is  similar  in  most  of 
its  characters  to  the  celebrated  stratum  underlying  the  city  of 
Richmond,  Virginia.  The  Diatomaceje  agree  very  closely  with 
those  of  Richmond,  Petersburg,  Piscataway  and  Nottingham 
deposits  w^hich  extend  from  the  Patuxent  River  in  Maryland 
to  Petersburg  in  Virginia.  The  genera  most  largely  repre- 
sented are : 

Ac^nocyclus.  Biddulphia.  Grammatophora. 

Actinoptychus.  •  Campylodiscus.  Isthmia. 

Arachnoidiscus.  Coscinodiscus.  Navicula. 

Asteromphalus.  Creswellia.  Rhabdonema. 

Aulacodiscus.  Gephyria.  Triceratiuni. 

Auliscus. 
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Thus  then  we  have  described  seven  new  ffnviatile  foeeil- 
iferouB  deposits  from  Oregon,  California  and  Waahington,  four 
of  which  are  from  the  Western  side  of  the  moantains,  one 
from  the  gap  and  one  from  the  east,  proving  that  the  fresh- 
water deposits  are  confined  to  neither  side  of  the  monntains. 
The  Monterey  deposit  is  marine  Miocene  Tertiary. 

New  Tork,  1870. 

Notes  ok  tbb  a  bote. 

Tba  deposit  from  Lake  Mono.  CaL,  to  Winaa  River,  Wggh..  are  pMtt  of  tlK 
Bsme,  aod  iC  eiLands  from  Wiaas  River,  Wash.,  an  the  oortb  and  Lake  Uooo,  Cal, 
OQ  the  Booth  to  Great  Salt  Lake,  U  ,  on  the  west.  That  is  to  say  the  most  northern 
point  I  have  it  from  ia  Wiuas  River,  Wash.,  aud  the  Boothernmost  poiot  is  Modo 
Idke,  Cal ,  on  the  west  and  Oreat  Salt  Lake,  U..  on  tlie  east.  They  were  invesli- 
gsled  by  I.  C.  Russell  [V.  S.  Geological  Survey.  1S85),  in  WeHtem  N'evada  when 
he  described  "  Lake  LahODlan,"  which  intrudes  Hooey  Lake,  Califomia.  Hum- 
boldt Pyramid,  Wiaoemucca.  Mortti  Carson,  South  Carson  and  Walker  Lakes. 
Utah;  by  0.  K.  Gilbert  (U.  S,  Geologiial  Survey,  1890|,  wben  he  described  "Like 
BoDDeville,"  which  includes  Qr^at  Salt  Lake  and  Sevier  Lakea.  Utah,  and  al 
Modo  Lake.  California,  by  1.  C  Russell,  which  iociiides  two  or  three  little  lake*. 
<U.  S.  Geolofpcai  Survey,  1896-7,1  rhe  three  are  made  separate  lakes  ij 
Gilbert  but  when  wo  look  at  a  map  of  the  GreSit  Basin  we  see  they  are  all  ooe. 
This  one  great  lake  or  Occidental  .Sea  extends  from  Wasbiogtoo  on  the  north 
to  Arizona  on  the  south,  and  Culifomia  on  the  west  to  Utah  on  the  euL 
The  country  ie  flat,  makiog  the  Great  Plain  of  b>e[DOnt,  and  this  great  fresti- 
water  aea  is  shown  by  the  Dialomacese  composing  the  freshwater  marls,  ol  i 
white  or  nearly  while  color,  which  in  some  places,  bb  at  Peucseeque  Creek,  m 
twelve  in  number,  atid  intercalated  with  lavu  which  Sowed  from  the  volcanoes  of 
the  JjOBwn  s  Peak  disinct  aver  Ihe  whole  eilent  of  surface.  At  the  ssioe  time 
the  country  v.  ih  rsiaed  and  eartfaquakua  were  common  and  are  still  common  lod 
the  Sierra  ^e^Bdo  is  rising  now  This  sea  was  drained  into  the  Pacaflc  Ckxic. 
flTBt  by  the  Colorado  and  afterwards  by  the  Columbia,  and  ■nbseqnentlv  thr 
Klamath,  Pit,  Feather  aud  San  Joaquin  rivets.  It  was  bounded  by  the  Hocky 
Uountains  on  the  east  and  the  low  range  of  mountains  made  up  principally  by 
tl(  I'onrii  Rniige  on  the  ftosl  The  apeeies  of  Uiatomnci'n  ji'-.-ni  ■■:■  ,'. 
meairl,^  M  {Lallitmrlla  distait)  C  t  E  )  and  Cychttlla  .,j;,,;,l„.'„  •■.  A  A.  i'' 
■ral    othi  .... 
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This  detennines,  of  course,  that  the  species  are  confined  to  the  ocean, 
bracldah  or  freshwater.  Some  experiments  I  am  making  would  seem  to  point  to 
the  fact  that  the  Diatomaceee  originated  in  freshwater  and  were  carried  down  to 
brackish  water  and  so  to  the  sea.  Brackish  forms,  as  Nituchia  actUaria  C.  Or.  E. 
have  been  seen  growing  in  great  profusion  in  a  freshwater  pond  without  any 
outlet,  and  brackish  forms,  as  Amphiprara  alata  C.  G.  E..  Amphora aponina  F.  T.  E., 
BaeiUaria  paradoxa  G..  OydoteUa  operculata  F.  T.  K.,  Fragilaria  capucina  L.  W.  D., 
Mdosira  nummtUoides  F.  T.  E.,  Navicula  minutua  W.  S.,  Niizschia  angviarU  W.  S., 
N.  dubia  W.  S.,  N.  linoBria  W.  S ,  N,  reversa  W.  S.,  Shizonema  conferta  W.  S.,  S. 
cmcigera  W.  S.,  5.  SmWiii  C.  A.  A.,  Surirella  ovata  F.  T.  E.,  and  Synedra  tabtilata 
F.  T.  K.  have  been  grown  in  freshwater.  The  concentration  of  freshwater  in  the 
western  lakes,  as  at  "  Jjake  Bonneville  "  and  "  Lake  liahontan  "  have  resulted  in 
brackish  water. 

Newark,  N.  J.     1891. 


Art.  XXXVI. — The   Tongaiioxie   Meteorite  y    by  E.  H.   S. 

Bailey.     With  Plate  XIII. 

[Oontributions  from  the  Chemical  Laboratory  of  the  University  of  Eansas, 

No.  II.] 

In  "Science"  of  Jan.  2,  1891,  Dr.  F.  H.  Snow  published  a 
preliminary  notice  in  regard  to  the  discovery  of  the  Tonffa- 
noxie  meteorite.  The  specimen  was  picked  up  in  1886,  by 
Mr.  Quincy  Baldwin,  on  his  farm  a  mile  west  of  the  town  of 
Tonganoxie,  Leavenworth  County,  Kansas.  The  true  nature 
of  the  specimen  was  not  understood  by  the  original  owner. 
He  experimented  with  it  so  faf  as  to  make  a  fish  hook  from  a 
fragment  of  it,  and  thought  its  occurrence  was  an  indication 
that  there  was  an  iron  mine  on  his  farm.  Since,  however,  he 
was  unable  to  find  any  more  specimens,  the  iron  mine  theory 
was  abandoned.  Mr.  Baldwin  disposed  of  the  meteorite  to 
Mr.  H.  C.  Fellow,  then  Principal  of  the  Friends'  Academy  in 
Tonganoxie,  and  from  him  it  has  been  purchased  by  Dr.  Snow 
and  it  is  now  in  the  Museum  of  the  University  of  Kansas. 

The  specimen  originally  weighed  a  little  over  twenty-six 
pounds,  but  a  slice  has  been  cut  from  the  smaller  end,  in  order 
to  obtain  a  plane  surface,  that  the  structure  might  be  studied, 
and  the  present  weight  is  twenty-three  and  one-quarter  pounds 
[I0'55  kilos.]  Its  shape  is  that  of  an  irregular  triangular 
pyramid ;  the  length  being  9^  inches,  the  width  6^  inches,  and 
tfie  depth  4^  inches.  The  specific  gravity  is  745,  as  compared 
with  water  at  its  greatest  aensity.  This  specific  gravity  was 
taken  by  weighing  the  whole  meteorite. 

As  can  be  seen  by  an  examination  of  fig.  1,  the  surface  of 
the  meteorite  shows  numerous  depressions,  some  of  them 
quite  large.  The  entire  exterior  is  covered  with  a  reddish  black 
ooating.  This  seems  to  be  composed  of  scales  of  oxide  of 
iron.     These  scales  are  brittle  and   readily   attracted  by  the 
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magnet  After  the  specimen  had  been  for  some  time  exposed 
to  tne  air,  after  being  handled,  Dnioeroiu  droplets  of  chloride 
of  iron  appeared  on  the  sarface.  These  aeem  to  exnde  from 
minnte  cracks  or  to  come  from  Doder  the  scales.  The  oceor- 
rence  of  chloride  of  iron,  asd  its  exnding  in  this  way,  is  bj  no 
means  uncommon  in  meteorites.  To  the  fact  of  its  presence 
is  probably  due  the  great  teodeDcy  to  scale  noticed  above 
This  iron  salt  gradnally  changes  to  a  brown  friable  oxide. 
The  analysis  shows  the  following  composition : 

Iron 9118 

Nickel 793 

Cobalt 0-80 

Phosphorus 010 

Copper a  trace 

fl9'60 

A  test  made  for  sulphur,  on  the  same  sample  analyzed  above, 
showed  only  a  possible  trace,  but  an  examination  was  made  of 
a  sample  of  turnings,  somewhat  oxidized,  and  a  very  percepti- 
ble precipitate  of  barium  sulphate  was  obtained.  Scattered 
over  the  polished  surface  may  be  seen  occasional  lon^  slender 
crystals,  sonietiines  branching,  and  also  several  nodular  masses, 
of  a  bronze  color,  Tliese  are  without  doubt  troilite ;  [iron- 
nickel  sul)>hidc].  The  larger  particles  are  near  the  center  of 
the  polished  end,  as  though  the  last  to  crystalliza  The  troilite 
cannot  l)e  seen  till  the  surface  has  been  polished  with  oil  and 
emery.  As  this  mineral  is  so  irregularly  distributed  there  vitt 
probably  only  a  very  small  quantity  in  the  particnlar  piece 
l;ily/.t!(i,      ""        ""  ■■■■■■ 
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As  the  meteorite  is  irregular  as  described,  and  qaite  flat  and 
comparatively  free  from  cavities  on  one  side,  the  question 
naturally  arises,  is  it  not  a  fragment  thrown  off  from  a  much 
larger  mass.  A  careful  examination  of  the  mass  will  render 
such  a  theory,  to  say  the  least,  very  probable,  but  whether  this 
mass  was  brought  here  by  human  or  geologic  agencies,  or 
whether  its  companions  still  exist  in  the  vicinity,  it  ••is  at 
present  impossible  to  state.  A  careful  search  in  the  vicinity 
of  the  farm  where  it  was  found,  fails  to  reveal  any  other 
specimens. 

University  of  Kansas,  July  10,  1891. 


Art.  XXXVII. — Proposed  Form  of  Mercurial  Barometer ; 

by  W.  J.  Waggener. 

The  form  of  barometer  to  be  described  in  this  paper  is 
shown  in  the  accompanying  figure.  It  should 
be  made  with  all  its  parts  of  glass  united  into 
a  single  piece  in  the  form  of  a  tubular  loop 
having  two  dilatations,  B  and  C ;  the  latter 
serving  as  cistern.  .S  and  S'  are  two  care- 
fully made  stop-cocks  connecting  the  cavity 
of  C  with  the  atmosphere.  Through  S,  the 
atmospheric  air  is  to  be  admitted  when  the 
instrument  is  in  use.  xx  and  yy  are  prolon- 
gations of  the  tubes  T  and  T'  into  the  cistern, 
tiieir  openings,  6?,  o',  being  very  near  together 
and  to  the  center  of  the  cistern.  The  capac- 
ity of  the  latter  should  be  about  four  times 
that  of  the  vacuum,  Vv,  so  that  the  openings  jf 
oo'  shall  always  be  immersed  in  mercury 
whatever  the  position  of  the  barometer. 

To   prepare   the   instrument    for   use,   the 
manipulations  will  be  as  follows : 

1.  Place  it  in  a  nearly  horizontal  position  and 

fill  the  whole  cavity  with  mercury. 

2.  Close  the  cocks  and  place  the  instrument  in 

the  erect  position. 

3.  Open   the  cock  S.     Mercury  flows  out,  the 

Torricellian  vacuum  forming  at  E,  C  re- 
maining filled  with  mercury. 

4.  Close  the  cocks  tightly  and  leave  the  barom- 

eter for  some  time,  first  in  the  erect,  after- 
ward in  other  positions,  so  that  the  air 
and  moisture  of  the  cavity  may  enter  the 
vacuous  space. 
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6.  Regarding  the  instrument  as  in  the  figure,  rotate  it  tronnd 

the  line  of  night  and  in  the  plane  of  toe  paper,  thus  oanung 

any  air  or  vapor  accumalatud  in  the  vacant  apace  to  pua 

into  the  cistern,  whence  it  can  no  mora  pasa  into  other  parts 

of  the  cavity. 

6.  Repeat  the  foregoing  manipulationB  in  order,  until  the  vacnom 

JD  y  ia  as  nearly  perfect  as  possible.     (Probably  No.  I  need 

not  be  repeated  often.) 

Doubtless  the  apparatns  wonld  work  well  if  made  wjt&oat 

the  retnm  tube  T'  and  its  prolongation  yy,  being  sealed  at  D 

and  £ ;  but  the  complete  loop  has  evident  advantages,  among 

which  is  the  fact  that  it  allows  the  tubes  to  be  of  small  bore 

without  impeding  the  flow  of  the  mercury  and  the  transfer  of 

air-bubbles,  thus  greatly  diminishing  the  amount  of  mercar; 

required. 

The  principal  features  of  this  construction  occnrred  to  me 
some  two  years  since,  but  ray  attention  was  taken  from  it  bj 
other  matters  until  recalled  by  reading  an  accoant  of  the 
method  proposed  by  G.  Guglielmo,*  this  method  being  essen- 
tially the  same  as  that  involved  in  the  foregoing  manipnU- 
tiona  \  but  bis  apparatus  seems  to  me  less  peitect  and  conven- 
ient than  that  described  abova  He  claims  that  this  method 
gives  better  results  than  that  of  boiling  the  mercury,  but  it  it 
evident  that  beat  can  easily  be  used  with  the  loop  form  of 
tube,  if  desired, 
Boulder,  Colorsdo,  July  29,  1S91. 


Art.    XXXVIIT, — Color    Photography   hy    Lippmann't 
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ordinary  negative.  The  peculiarities  of  Lippmann's  method 
consist,  first,  in  the  nse  of  a  plate  which  is  transparent  and  free 
from  grains ;  second,  in  the  exposure  of  the  plate  with  its  film 
side  resting  against  a  reflecting  surface  of  mercury. .  The  inter- 
ference of  the  reflected  with  the  incident  ray  of  light  divides 
the  film  into  a  number  of  layers  at  the  maxima  which  will  cor- 
respond in  their  distance  apart  with  the  wave  length  of  the 
incident  light,  and  will,  therefore,  be  able  to  reproduce  by 
reflection  the  color  which  produced  the  layers. 

Lippmann  says  that  the  plates  are  positive  for  reflected  and 
negative  for  transmitted  light  (negatif  par  transparence^.  By 
negative  he  means  showing  the  complementary  color.  In  that 
one  of  Lippmann's  negatives  which  I  have  seen  and  all  those 
obtained  by  myself,  the  plates  are  opaque  to  transmitted  light, 
showing  only  differences  of  density  like  an  ordinary  negative. 
The  reverse  side  of  the  plate,  however,  shows  the  comple- 
mentary colors,  somewhat  fainter  than  the  original  colors  which 
appear  on  the  film  side  of  the  plate. 

If  the  plates  were,  in  reality,  negative  by  transmitted  light, 
it  might  be  possible  to  obtain  by  two  steps  instead  of  the  one 
employed  in  ordinary  photography,  a  number  of  copies  from  a 
single  negative.  The  remaining  method  is  to  copy  the  reflected 
image,  and,  as  the  reflected  colors  are  bright,  this  may  not 
prove  impossible.  In  my  experiments  certain  modifications  were 
introduced  with  a  view  oi  determining  several  points  which 
are  not  brought  out  by  the  original  experiment  as  reported  by 
Lippmann.  It  is  difficult  to  obtain  a  plate  which  shall  be 
transparent  and  yet  possess  any  sufficient  degree  of  sensitive- 
ness. The  plates  I  have  found  most  satisfactory  hitherto  are 
of  collodion  on  a  thin  substratum  of  albumen. 

Following  is  the  formula  employed : 

(  Cadmium  bromide 25  g. 

(1)    ^Alcohol 280  c.c. 

(  Hydrochloric  acid 5  c.c. 

Of  (1) 5  c.c. 

Ether   40  c.c. 

Pyroxyline 2g. 

Sensitize  by  adding,  drop  by  drop,  a  solution  of  silver  nitrate, 
1  g.,  in  alcohol,  10  c.c,  and  pour  without  waiting  for  the 
emulsion  to  ripen. 

The  film  obtained  is  a  pale  opalescent  blue,  almost  perfectly 
transparent,  and  requires  an  exposure  of  twenty  minutes  or 
more  in  direct  sunlight  to  produce  images  of  the  green  and 
red.  It  should  be  remarked,  however,  that  the  image  is  not 
latent  but  appears  nearly  as  strong  without  the  use  of  a  devel- 
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oper  as  when  development  ie  resorted  to.  Soitable  developen 
will  doabtlees  reduce  the  time  of  exposore. 

The  plates  were  exposed  against  mercuty,  not,  however,  to 
tbe  spectrum,  as  with  Lippmann,  bnt  to  light  transmitted  bT 
strips  of  variously  colored  glass,  one  object  oeiog  to  determine 
whether  the  ordinary  colors  of  objects,  consisting,  as  they  do, 
of  a  mixture  of  rays  of  several  different  wave  len^hs,  wodM 
be  reproduced  with  the  same  fidelity  as  were  the  pnre  rays  of 
the  spectrum.  The  composition  of  the  light  transmitted  bj 
the  strips  of  colored  glass  employed  as  determined  by  the  spec- 
troscope is  shown  in  the  following  table : 

Red  :   All  the  red  with  distinct  traces  of  orange  and  gre«Q. 

Orange:  The  entire  spectrum  reduced  in  intensity. 

Green :  A  band  extending  from  the  middle  of  the  bine  to  tbe 
middle  of  the  red. 

Blue:   Blue,  with  bands  throughout  the  green  and  red. 

Purple:   Green  and  red. 

The  results  obtained,  thot^h  by  no  means  eonclnsive  at  all 
points,  seem  to  indicate :  First,  that  mixed  colors  may  be 
reproduced  with  some  fair  degree  of  accnracy,  though  some 
curious  modifications  sometimes  occur.  Thus,  a  thickening  of 
the  film  between  exposure  and  final  drying,  will  occasionallr 
change  all  the  colors  in  the  direction  of  the  red  end  of  the 
spectrum.  A  shortening  of  the  distance  between  the  thin 
plates,  and  a  consequent  displacement  toward  the  violet,  on  tlie 
other  hand,  may  be  produced  by  allowing  the  incident  light  to 
strike  the  reflecting  surface  of  mercury,  at  an  angle  other  thao 
the  normal,  thus  shortening  the  distance  between  the  maxima 
which  mark  the  layers  of  ri'tlfi'tliii;  >V-\n,A\   tu    thf  .-i-i,-'ilivt 
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considerable  work  has  been  done  in  certain  directions,  some  of 
which  is  of  sufScient  interest  to  be  produced  later  in  a  separate 
pablication.  In  addition  several  analyses  of  uraninite  have 
been  made,  the  material  being  in  part  from  localities  hitherto 
unrepresented  by  analytical  data,  and  these  form  the  subject 
of  the  present  paper. 

A  firet  glance  suflBced  to  show  that  the  specimens  were  not 
fresh  and  that  therefore  analysis  could  throw  no  light  on  the 
ultimate  composition  of  the  mineral,  but  valuable  data  to  be 
obtained  as  to  the  presence  or  absence  of  nitrogen  and  of  the 
rare  earths  furnished  ample  excuse  for  the  work. 


I. 

Llano  Co.,  Texas. 
a.                b. 

Hidden  and 
Hillebrand     Mackintosh. 

{ 

II. 

Marietta 

South 
[Carolina. 

HI. 

ViUe- 

nenye  P. 

Quebec, 

Canada. 

IV. 

Johann- 

^urgen- 

stadt. 

Saxony. 

uo. 

4417 

46-75 

\ 

8395^ 

41-06 

59-30 

UOa 

20-89 

19-89 

34-67 

22-33 

ThO« 

6-69 

7-57 

1-65 

6-41   1 

ZrOa 

0-34 

0-20 

? 

CeOa 

034 

019 

•40 

none. 

La  group. 

2-36 

2-05' 

1-11 

Y  group. 

9-46» 

11-22* 

6-16« 

2-57^ 

CaO 

032 

0-41 

-39 

100 

PbO 

10-08 

10-16 

358 

11-27 

6-39 

HaO 

1-48 

2-54(ign.) 

UDdet. 

1-47 

3-17 

N 

0-54 

ii 

0-86 

0-02 

SiOa 
Insol. 

0-46- 
1-473 

1-22 

* 

0-20 

0-19 
013 

0-50 

Fe,0, 

014 

0-58 

ir. 

0-10 

0-21 

X 

ir.^ 

0  099 

5-03»» 

98-74 

99-93 

98-39 

100-72 

97-95 

Sp.G. 

8-29 

8-01 

6-89 

1  At.  wffht.  111-4.  «From  thoroRummlte.  s  Mainly  fenkfusonite.  *  At.  wght.  134-3. 
•  As  Us  Oa.  >  Atomic  wcitf b 1 1 13*6.  The  oxalates  of  this  orroup  were  white*  not  pink 
like  those  in  la,  but  the  color  of  the  iffnited  oxides  was  the  same  in  both  cases  and 
Teryliifht.  "» Atomic weiKhtlll-:^ approximately.  «»MKO,NaaO.  »fiioOa.  »»Includes: 
Ala03(V) 0-30,  HiaO,  0-75,  (;u()  017,  MnO  009,  Mi?(5  0-17,  NagO  0-31,  PaOft  0-06,  AsaOs  2-34. 
V,05,  \VO,»  MoOa(?)  075,  80>  01«=5-03. 

No.  la  is  a  re-analysis  of  uivenite  from  Llano  County,  Texas, 
the  material  for  which  was  kindly  given  by  Mr.  W.  E.  Hidden. 
It  ap'ees  in  the  main  with  the  original  analysis  of  this  variety 
by  Hidden  and  Mackintosh,*  which  is  reproduced  under  IJ, 
and  it  confirms  the  presence  of  nitrogen,  suspected  but  not 
proven  by  them.  A  small  remnant  of  their  original  powdered 
sample  gave  me  0*52  per  cent  of  nitrogen.  In  a  tlie  earths 
appear  in  slightly  greater  total  amount  than  in  h  and  they  are 
more  subdivided  into  groups  and  elements,  which  accounts 
fully  for  the  difference  between  the  atomic  weights  of  the 
metals  of  the  yttrium  group  of  the  two  analyses.  It  was 
rendered  certain  by  a  second  test  that  a  group  of  earths  whose 

♦This  Joiirn.,  Ill,  rxxviii,  1889,  p.  481. 
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snlphates  are  insoluble  ia  potassium  sulphate  other  than  those 
of  Tb,  Zr,  and  Ce  is  present.*  A  very  satisfactory  torraeric 
paper  reaction  for  zirconia  was  obtained  in  this  analysis  as  also 
in  that  next  following,  which  would  go  to  show  that  the  hypo- 
thetical ZrO,  of  several  of  my  earlier  analyses  was  probably  in 
fact  zirconia.  The  canse  of  the  considerable  loss  shown  by  the 
analysis  is  not  known.  It  may  be  mentioned  that  nivenite  k 
more  soluble  than  any  uraninite  heretofore  examined  by  me, 
not  even  excepting  cleveite.  One  hour  sufficed  for  complete 
decomposition  .n  very  dilute  sulphuric  acid  (lH,SO,  to  6H,0) 
at  the  temperature  of  boiling  water. 

No.  II  is  from  a  new  locality,  Marietta,  Greenville  Co., 
South  Carolina,  and  the  total  amount  found,  a  few  small  frag- 
ments, was  kindly  given  by  Mr.  W.  E.  Hidden  for  examina- 
tion. It  was  impossible  to  free  the  least  altered  portions  from 
the  yellow  and  orange  alteration  products  with  which  the; 
were  intimately  commingled,  therefore  the  analysis  represents 
the  composition  of  a  mixture.  Unfortunately  iJso  the  portion 
in  which  UO,  and  H  were  to  be  estimated  was  lost,  but  it  vu 
seen  that  the  mineral  was  very  soluble  and  gave  of!  consider- 
able gas.  From  the  preponderance  of  the  yttrinm  gronp  over 
the  other  rare  earths  the  mineral  is  to  be  classed  with  nivenile 
and  cleveite  rather  than  with  those  varieties  rich  in  tlioria,  a 
a  conclusion  already  foreshadowed  by  its  ready  solubility. 

No.  Ill  is  an  imalysia  of  nraninite  from  the  Villenenve  mica 
mine,  Township  of  Villenenve,  Ottawa  County,  Province  of 
Quebec,  Canada.  To  Mr.  G.  C.  Hoffmann,  of  the  Canadito 
Geological  Survey,  who  first  recognized  and  reported  this  occur- 
rence,'!' ^  <>tn  indebted,   for   the  material   analyzed.     It  wu 

^■iileiitly  somewhat  altcroJ  and   was  cHTONi[i;iiLi(.;d    \<\  oxidize'] 
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obtained.  It  is  not  known  wherein  the  loss  is  to  be  sought. 
Like  the  great  mass  of  the  Bohemian  mineral  this  showed  no 
evidence  of  ever  having  been  crystallized,  and  as  in  that  also 
rare  earths  are  absent,  and  also  nitrogen  except  for  an  uncertain 
trace. 

From  the  analyses  of  uraninite  thus  far  made  it  appears 
that  the  species  may  be  broadly  divided  into  two  groups,  the 
one  of  which  is  characterized  by  the  presence  of  rare  earths, 
the  other  by  their  absence.  With  the  former  group  nitrogen 
appears  to  be  invariably  associated,  while  in  the  latter  it  is 
present,  if  at  all,  only  in  minute  quantity.  Besides  these 
chemical  differences  there  is  one  of  another  kind,  for  probably 
all  varieties  of  the  first  group  occur  in  more  or  less  welt  defined 
crystals,  while  the  members  of  the  second  group  are  generally, 
if  not  altogether,  massive  and  free  from  crystalline  form.  These 
differences  suggest  naturally  a  dissimilarity  of  origin  and  envi- 
ronment. Examination  shows  that  the  manner  of  occurrence 
and  the  association  of  other  minerals  is  different  and  in  such  a 
way  as  to  render  an  unlike  immediate  origin  probable.  All  of 
the  rare  earth  uraninites,  with  exception  of  the  zirconiferous 
variety  from  Black  Hawk,  Colorado,  occur  as  an  apparently 
original  constituent  of  coarse  granites  (chiefly  pegmatitic), 
while  the  others  are  evidently  of  secondary  formation,  as  evi- 
denced by  their  presence  in  metalliferous  veins  in  more  or  less 
intimate  association  with  numerous  sulphides  of  silver,  lead, 
cobalt,  nickel,  iron,  zinc,  copper,  etc.  The  Colorado  variety 
occupies  an  anomalous  position  as  regards  the  two  groups.  I 
prefer  to  regard  it  provisionally  as  a  member  of  the  second 
CTOup,  where  its  mode  of  occurrence  and  want  of  crystalline 
form  as  well  as  small  percentage  of  nitrogen  seem  to  place  it, 
although  its  zirconia  and  traces  of  other  earths  would  admit 
it  to  the  first. 

Attention  is  called  to  the  above  points  merely  to  show  that 
the  chemical  and  physical  differences  of  the  two  groups  may 
be  susceptible  of  more  simple  explanation  than  would  appear 
from  the  face  of  the  analyses. 

Laboratory  U.  S.  Geological  Survey,  Washinton,  D.  C,  June. 
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Art.   XL.— r/ic    Tertiary  Silicipd    Woods  of  Eaetern 
Arkansas;  by  K.  Ellsworth  Call. 

(Published  b;  permigeion  o(  the  State  Oeologiit  of  ArkaoBaa.) 
The  occurrence  of  silicified  wood  in  the  sands  and  gravels 
of  the  Tertiary  of  tlie  I^ower  MiBsiesippi  Valley  has  long  been 
known.  Aside,  however,  frotn  the  nuinerona  localities  men- 
tioned by  Hileaid,*  nearly  all  of  which  are  in  the  state  of 
Mississippi,  little  attention  has  been  given  it.  Nutneroiis  geolo- 
gistB  have  spoken  of  it  or  incidentally  studied  it  in  connection 
with  other  iuvostigatione,  but  hitherto  no  attempt  has  been 
made  to  recognize  the  speciea  and  fix  their  taxonomic  value, 
if,  indeed,  tliey  possess  any  such  valne  Among  those  whu 
have  in  veatigated  the  Orange  Sands  and  other  Tertiary  depositf 
of  the  Mississippi  Valley  and  who  have  added  to  onr  informa- 
tion as  to  the  occnrrence  of  these  fossils  are  Hilgard,t  Pen- 
rose.J  and  Knowlton,§ 

The  last  named  has  made  the  only  microscopic  study  of 
these  fossils  which  is  on  record.  Since  his  investigations  are 
based  upon  material  which,  for  the  most  part,  was  collected  bv 
the  writer,  it  is  thought  that  it  will  be  useful  to  place  on 
record  in  this  form,  a  more  detailed  statement  of  the  conditions 
of  the  occurrence  of  the  silicilicd  woods,  their  peculiarities, 
tlieir  structural  relations  and  their  stratigrapliical  position,  in 
the  hope  that  it  may  eventually  prove  to  be  of  use  in  correlat- 
ing the  deposits  in  which  they  are  found. 

These  fossil  woods  occur  thioughout  the  area  covered  by 
Tertiary  sands  and  gravels  in  the  State  of  Arkansas.     When 
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amden,  Onachita  county ;  near  Red  Land,  Cleveland  county ; 
;  Red  BluflE,  Jefferson  county ;  at  Helena,  Forrest  City,  Witts- 
arg,  Wynne,  Harrisburg,  Jonesboro,  Gainesville,  Boydsville, 
id  St.  Francis  in  the  country  traversed  by  Crowley's  Ridge 
[  the  eastern  part  of  the  State.  All  of  these  localities  have 
irnished  examples  of  silicified  wood  from  large  logs  or  stumps 
1  place  and  always  itnbedded  in  Tertiary  sands  or  gravels. 
;  is  a  remarkable  fact  that  hitherto,  in  Arkansas,  silicified 
oods  have  been  seen  but  very  rarely  in  the  Tertiary  clays, 
.t  all  the  localities  mentioned  above,  except  one,  the  wood  is 
►und  only  in  gravels  or  sands,  in  sitic^  or  in  redeposited  gravels 
id  sands  in  the  low  valleys. 

The  geological  section  of  the  Crowley's  Ridge  region,  to 
hich  area  this  paper  especially  refers,  shows  the  following 
<juence,  seen  in  the  generalized  section  in  St.  Francis  county 
hich  is  characteristic  for  the  southern  portion. 

Generalized  Southern  Section  on  Little  Crow  Creek, 

A  loess  soil,  with  enough  sand  to  render  it  decidedly  siliceous. 
This  is  tlie  surface  member  and  is  usually  of  but  little  depth. 

Typical  loess,  varying  in  depth  from  thirty  to  ninety  feet, 
eroding  rapidly,  and  presenting  a  characteristic  loess  topog- 
raphy. This  member  caps  the  ridge  even  at  its  highest 
points. 

A  clayey,  pebble-bearing,  bluish  or  otherwise  dark  colored 
loess  clay  which  foi*ms  the  base  of  the  typical  loess  deposits 
and  probably  marks  the  first  stage  in  the  loess  deposition. 
This  member  varies  somewhat  in  different  localities,  being 
often  quite  thin  and  is  even  sometimes  wanting.  The  peb- 
bles are  most  abundant  in  the  lowermost  portion. 

Orange-colored  gravels,  irregular  in  thickness,  rudely  stratified, 
sometimes  well  assorted  so  that  only  coarse  gravels,  or  vice 
versa,  are  seen;  there  are  occasional  pockets  or  lenses  of 
sand  derived  Irom  the  underlying  member.  In  rare  instances 
this  bed  lies  directly  upon  the  clays.  Silicified  coniferous 
wood  often  occurs  in  this  member. 

Party-colored  sands,  of  variable  fineness,  often  quite  irregu- 
larly stratified,  sometimes  overlying  the  pebble  bed  but 
usually  occurring  underneath  it.  The  sand  grains  are  well 
rounded.  There  are  occasional  masses  or  pockets  of  red, 
drab,  white,  or  yellow  pipe  clay. 

Blue,  black  or  drab  clays,  horizontally  stratified,  with  s»mall 
sometimes  large  pieces  of  coniferous  lignite.  This  member 
constitutes  the  greater  portion  of  the  body  of  the  ridge. 
Along  its  margin  it  is  to  be  seen  only  in  the  deepest  ravines, 
or  along  the  St.  Francis  and  such  of  its  small  tributaries  as 
flow  from  the  ridge.  It  is  often  penetrated  in  deep  wells,  as 
at  Forrest  City,  and  underlies  the  whole  region.  The  lower 
exposed  portion  is  fossiliferous,  the  fossils  are  marine,  and 
Claibornian  in  age.     The  clays  are  therefore  Eocene  Tertiary. 
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Slight  differences  in  the  sectioti  appear  in  varione  portiooE 
of  tlie  Ridge  but  are  not  wortlij  of  remark  in  this  conDection. 
The  generalized  section  for  the  nortliern  portion  of  the  Ridge, 
made  at  a  point  seventy-five  miles  north  of  St.  Francis  county 
ehowE  the  following  sequence: 

Generrilized  Ncrthem  Sectiofi  near  Gainesville,  Greene  County. 

1.  A  humus,   largely  siliceous,  or  a  soil  mainly  sand.     At  the 

faigliost  hilltops  Uiia  soil  corilains  gravel  or  may  be  entirely 
replaced  by  waterwovn  gravel. 

2.  Gravel  bed,  coniraonly  removed  by  erosion. 

3.  Sands  of  Tertiary  age,  false  bedded,  party-colored,  coarse  or 

tine,  banded  often  with  drab,  red  or  white  pipe  clay,  or  tbe 
last  may  be  in  pockets  or  lenses.  These  sands  are  generally 
loose,  but  in  certain  localities  they  have  metamorphosed  int^ 
a  very  hard,  glassy  quarlzite.  The  areas  of  roe  tarn  orphisDi 
are  linearly  distributed  over  many  square  miles  hut  are  con- 
fined chiefly  to  the  west  side  of  the  ridge.  Silicified  woods 
are  found  in  tins  member  at  many  localities,  but  none  has 
yet  been  discovered  in  the  metamorphosed  portions. 

4.  Drab,  blue  and  black  clays  of.  Kocene  Tertiary  age,  horiion- 

tally  stratified,  occasionally  fossililcrous,  the  fossils  being 
chiefly  the  leaves  of  deciduous  trees.  These  clays  contain 
rare  beds  of  lignite  of  small  extem.  and  erratic  vertical  dis- 
tribution. Moreover,  the  claya  are  commonly  gypsiferoiu 
and  are  further  characterized  by  abundant  small  plates  of 
muscovitc  ill  the  cleavage  planes.  Silicified  wood  was  seen 
at  a  single  locality,  on  Cache  River. 

The   absence  of  fossils   in    nearly  all  the   members  of  the 

Ar!i:i]i-^;i«    Tcrtiarv    ffHaors    ne<-css;irv    I'li-ir  distinction 
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ere  eroded  away,  the  portion  of  the  trunk  which  had  been 
iried  therein  was  subjected  to  the  action  of  waters  contain- 
^  silica  in  solution  and  the  lignitic  matter  was  replaced  by 
Ilea. 

The  silica  is,  of  course,  all  present  as  secondary  quartz,  is 
'ten  massive  but,  also,  frequently  crystallized.  Especially  is 
)locrystalline  quartz  abundant  in  specimens  of  wood  that 
ere  partially  decayed  when  the  older  lignification  process 
5gan.  In  the  drusy  cavities  of  such  lignite  are  found  large 
imbers  of  perfect  and  rather  large  quartz  crystals.  These  are 
ten,  in  some  specimens  always,  characterized  by  a  uniform 
irk  or  brownish  color  which  is  due  to  inclusions  of  limonite.* 
Professor  F.  H.  Knowlton,  of  the  U.  S.  Geological  Survey, 
LB  studied  microscopically  both  the  lignite  and  silicified  wooas 
»und  in  eastern  Arkansas.  The  results  of  his  work  may  be 
►and  in  vol.  ii  of  the  Arkansas  Geological  Survey,  Reports 
»r  1889.  His  studies  have  developed  the  interesting  fact 
tat  the  woods  belong  to  both  dicotyledonous  and  coniferous 
pes.  This  occurrence  is  the  first  known  dicotyledonous  wood 
►and  in  this  country  in  rocks  older  than  Pleistocene  and  is 
le  first  dicotyledonous  form  determined  by  internal  structure. 
,  therefore,  examinations  of  both  lignites  and  silicified  woods 
e  made  and  it  results  that  the  same  form  or  forms  are  repre- 
nted  in  both,  a  strong  reason  exists  for  genetically  connect- 
g  the  silicified  woods  with  the  lignites. 
Unfortunately  for  taxonomic  purposes  all  the  forms  described 
r  Prof.  Knowlton  are  new,  but  some  otherwise  valuable 
salts  have  been  reached.  In  the  first  place  he  finds,  among 
16  four  new  species  studied,  two  forms  which  are  cleai'ly  dicot- 
edonous,  and  two  otliei*s  distinctly  coniferous  in  relationship. 
he  species  are : 

Coniferous.  Dicotyledonous. 

upressitioxylon  Arhinsanum^       Laurinoxylon  Branneri^ 
upressinoxylon  (Jalll^  Laurinoxylon  Leaquereuxiana, 

There  was  also  a  single  additional  specimen  whose  aflinities 
)peared  to  be  dicotyledonous  and  to  belong  to  Laurinoxylon  ; 
le  condition  of  the  material  would  not  admit  of  closer  deter- 
ination.  The  specimens  found  indicate  comparatively  few 
^cies  but  these  few  must  have  existed  in  great  numbers, 
ne  of  the  most  valuable  and  pertinent  facts  in  this  connec- 
3n  is  the  finding  of  the  dicotyledonous  Laurinoxylon  Bran- 
?ri  in  the  lignite  bed  of  Bolivar  Creek,  as  lignite,  deeply 
iried  in  Eocene  clays  in  massive  form. 

*  Ad  especially  fine  example  of  this  nature  was  taken  from  a  section  in  Ter- 
jy  sands  1 3  miles  southeast  of  the  town  of  Camden  on  the  line  of  the  Camden 
d  Alexandria  railroad.  Of  the  many  thousands  of  quartz  crystals  which  this 
ecimen  exhibits  not  one  has  been  seen  which  is  free  from  inclusions  of  limonite. 
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Thus  far  sufBcient  di'stribntional  facts  to  give  a  taxonomic 
value  to  the  foeeil  woods  have  not  been  discovered.  Until 
extensive  collections  throughout  the  whole  region  of  the  eonth- 
ern  Tertiary  have  been  made  it  will  not  be  possible  to  nse  these 
forms  for  pnrposes  of  diSerentiation  or  of  correlation.  It  is  be 
lieved,  however,  that  since  in  the  Tertiary  sands  of  Arkansas. 
Louigiana,  Texas  and  Mississippi  the  same  relations  of  silici- 
fied  woods  to  lignites  have  been  observed,  it  may  be  possible  to 
coordinate  the  divisions  recognized  in  those  states  by  geologists 
and  devise  a  system  of  nomenclature  that  will  explain  the 
relationships  of  the  various  beds  to  each  other,  though  it  can- 
not be  done  at  proHent. 

During  the  progress  of  the  study  of  the  region  by  tie 
writer  it  oecame  more  and  more  clear  that  the  siUcified  wood 
had  some  intimate  relation  to  the  pockets  or  beds  of  lignite 
which  are  scattered  throughout  the  ridge.  It  was  earlv  noticed 
that  no  lignite  occurs  in  the  sands  or  gravels  above  t!ie  clay& 
and  that  no  detachetl  masses  of  siiicified  wood  occur  entirelj 
in  the  clays.  As  the  investigation  proceeded  it  became  a  favor- 
ite hypothesis  that  the  silicitied  wood  was  transformed  lignite, 
and  that  careful  microscopic  study  would  probably  prove  the 
hypothesis  to  be  correct.  Professor  Knowlton's  investigations 
appear  to  verify  the  liypothesis. 

The  opinion  that  the  siiicified  wood  was,  in  some  way,  to  be 
connected  with  the  lignites  of  the  beds  underlying  the  sands 
was  suggested  by  Hilgard*  many  years  ago.  Speaking  of  llie 
occurrence  of  fossils  in  the  Orange  Sands  he  says:  ".  .  .  . 
The  closest  scrntiny  I  have  bestowed  on  hundreds  of  extensive 
exposures,  has  failed  to  detect  any  fossil  apparently  peculiar  to 
the  formation  ;iw  eiich.     Tiiis  mit;lit  mjL'in   imraduxicid  i 
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There  can  be  little  question,  therefore,  that  the  process  of 
silicification  has  occurred,  in  some  cases  at  least,  since  these 
masses  were  torn  from  the  underlying  beds  by  the  waters 
which  deposited  the  sands  above  the  clays.*  As  ordinarily 
understood  the  process  is  purely  a  chemical  one  and  perhaps 
very  slow.  It  consists  in  the  replacement,  particle  by  particle. 
of  the  carbon  of  the  lignite  by  silicic  acid,  or  silicon  dioxide. 
It  is  by  no  means  essential  that  the  organic  matter  be  unchanged 
when  the  process  begins.  If  the  belief  that  this  wood  repre- 
sents what  was  once  lignite  be  a  correct  one,  then  the  process 
of  silicification  can  occur  in  the  case  of  organic  matter  whicli 
has  already  undergone  a  partial  change. 

Where  found  in  clays  in  a  siliciiied  condition,  it  has  probably 
resulted  from  the  same  processes  that  are  seen  to  obtain  in  the 
highly  siliceous  sands  or  gravels  which  overlie  them.  Though 
the  impervious  nature  of  most  clays  renders  the  percolation  of 
of  silica-charged  waters  a  matter  of  great  difficulty  such  perco- 
lation certainlv  occurs  in  them.  The  siliciiied  masses  of  wood 
are  often  far  too  large  to  have  been  removed  from  the  clays 
and  deposited  in  the  overlying  gravels  by  an  ordinary  wave  or 
current  action  for  they  sometimes  weigh  tons.  In  the  form  of 
lignite  the  same  masses  could  have  been  transported  by  cur- 
rents but  since  very  large  pieces  have  been  rarely,  if  ever, 
found  far  from  lignite  deposits  even  that  proposition  has  very 
little  weight. 

The  vertical  distribution  of  the  silicified  woods  of  the  Arkan- 
sas Tertiary  is  limited  l)y  the  line  of  contact  between  the  sands 
and  clays  which  constitute  the  Arkansas  series.  Below  this 
line  the  silicified  wood  never  occurs,  with  the  single  exception 
above,t  so  far  as  observations  have  yet  extended.     Above  it  no 

♦  Dr.  R.  A.  F.  Penrose.  Jr.  {op  cit.,  pp.  24,  26,  50,  et  seq.),  lias  placed  on  record 
the  nuiuerou.s  occurrences  of  silicified  wood  in  the  Tertiarv  of  Texas :  he  (incis  it 
in  both  Rands  and  clays.  In  his  description  of  the  Sabine  River  beds  he  says : 
••Silicitied  wood  is  of  very  frequent  oecurren(^e  in  tiiese  stratii;  sometimes  occur- 
ring as  small  fragments;  and  at  ot)ier  times  as  large  trunks  of  trees.  On  the 
Brazos  River,  in  the  northern  part  of  Milam  County,  was  seen  a  trunk  one  and  a 
half  feet  in  diameter,  protruding  from  a  clay  bed.  Ten  feet  of  it  were  exposed, 
while  the  rest  was  imbedded  in  the  clay.  In  manv  places  such  fragments  are 
collected  in  great  quantities,  but  it  is  especially  plentiful  in  tlie  lower  part  of  the 
Fayette  beds.  It  is  generally  dark  brown  or  black  inside,  and  weathers  gray  or 
buff  color  on  the  outside.  Sometimes  it  occurs  partly  lignitizcd  and  partly  silici- 
fied. It  frequently  shows  shrinkage  cracks  which  are  tilled  with  quartz  or 
chalcedony,  and  are  often  lined  with  quartz  crystals." 

In  this  case  stratification  was  but  partial  or  was  still  in  progress  and  since 
there  is  expo.sed  in  the  face  of  the  bluff  a  log  which  was  partially  lignitized  and 
partly  silicified  it  proves  all  but  conclusively  tliat.  even  in  the  Texan  Tertiarios, 
the  lignitic  precedes  the  siliceous  condition  of  these  woods. 

f  In  this  case  the  stumps  are  still  standing,  tlie  roots,  also  silicified,  ramifying 
in  all  directions  in  Eocene  blue  clays.  I^ss  than  one  hundred  feet  east,  however, 
the  line  of  contact  between  the  sand  beds  and  the  clays  was  disclosed  in  a  ver- 
tical cut  in  a  hillside.    This  line  was  at  or  near  the  elevation  of  the  stumps.     It 
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lignites  have  ever  been  found.  Tlie  vertical  ranf^  is  therefon 
limited  by  tlie  thickness  of  the  sand  and  eravel  bed  which  ii 
commonly,  in  Arkansas,  between  fifty  and  eiehty  feet. 

There  ib  a  marked  difference  in  the  vertical  range  of  tlw 
fossil  in  the  Tertiary  of  Arkansas  and  the  Tertiary  of  Califonii. 
In  the  latter  State  the  vertical  range  is  often  many  hnndreik, 
even  several  thousands,  of  feet.  Whitney  says:*  "It  will 
be  proper  to  add  to  some  of  the  most  important  facts  gathered 
during  the  investigation  of  the  gravel  deposits  in  regard  to 
the  mode  of  occurrence  of  the  fossil  plants  of  the  IPIiocene 
epoch.  The  vertical  range  of  these  has  been  alluded  to,  and  it 
may  l>e  more  distinctly  stated  that  either  fossil  wood  or  le«va 
have  been  found  at  every  elevation,  from  the  lowest  to  the 
highest,  where  gravels  occur.  Even  as  high  as  Silver  Modd- 
tam  City,  at  7,0<)0  feet  of  elevation,  large  masses  of  fossil  wood 
are  found  in  the  volcanic  deposits  ;  and  in  Plumas  county  the 
same  occurrence  lias  been  noted  on  several  of  the  highest 
mountains  in   tlie  region,  as  Penman's  Peak  and   ClermoDt. 

peaks  from  7,000  to  R,00fJ  feet  high Frag:ments  and 

often  large  masses  of  wood  arc  found,  both  in  tlie  graveU 
and  the  associated  clayey  and  tufaceons  beds.  In  the  gravel 
ihey  frequently  bear  the  marks  of  transportation  from  a  dif- 
tance,  as  would  be  expected." 

In  the  California  Tertiary  the  most  completely  silicified  and 
best  preserved  specimens  of  wood  occur  in  connection  with 
deposits  of  a  volcanic  character,  sometimes  arhyolitic  ash.f  It 
is  suggested  by  Wliitney  that  these  relationships  have  some- 
thing to  do  with  the  process  of  silicification.  For  that  region 
Whitney  believes  that  not  only  were  the  woods  silicified  after 
their  iiLibe.Miiij;  lii  wliiti'    pulvfnilcnt    vak'juiic   u--;]i    but  '•  tW 
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for  there  is  no  evidence  of  volcaniBm  or  any  similar  phenomena 
associated  with  their  silicification.  The  silica  in  the  eastern 
locality  must  be  sought  in  the  accompanying  sand  beds  and 
was  probably  brought  into  solution  by  the  action  upon  it  of 
or^nic  acids. 

The  study  of  the  Arkansas  Tertiary  silicified  woods  appears 
to  justify  the  following  conclusions : 

1.  The  silicified  woods  of  eastern  Arkansas  are  all  of  Ter- 
tiary age. 

2.  They  are  derived  from  the  beds  of  Eocene  clays  that 
underlie  the  sands  and  gravels  in  which  they  commonly  occur. 

3.  They  are  silicified  lignite;  the  process  of  silicification  has 
occurred  either  while  they  were  still  in  clays  or  most  often 
after  they  were  removed  and  buried  in  the  sands  or  gravels. 

4.  They  possess  as  yet  no  taxonomic  value  in  determining 
the  relative  ages  of  the  members  of  the  Tertiary  series. 

Qeological  Survey,  Little  Rock,  Ark.,  July  15,  1891. 


Art.  XLI. — Occurrence  of  Sulphur,  Oijnvient  and  Realgar 
in  the  Yellowatone  National  Park  /  by  Walter  H.  Weed 
and  Louis  V.  Pirsson. 

Sulphur. 

In  the  Yellowstone  National  Park  there  are  besides  the  well 
known  geyser  basins,  many  small  hot  spring  areas  and  localities 
where  fumeroles  and  solfataras  are  still  active.  At  most  of  these 
places  deposits  of  sulphur  occur,  in  and  around  the  vents  from 
which  sulphurous  vapors  issue.  At  the  Highland  Hot  Springs 
and  at  Crater  Hills  these  vents  are  quite  abundant  and  large 
deposits  of  sulphur  are  found  frequently  having  most  beautiful 
clusters  of  delicate  crvstals.  The  latter  locality,  from  which 
the  specimens  herein  aescribed  were  obtained,  is  a  small  group 
of  hills  whose  white  and  steaming  slopes  form  a  prominent 
feature  of  the  eastern  part  of  Hayden  V  alley,  the  open  grassy 
country  traversed  en  route  from  the  Grand  Canyon  of  the 
Yellowstone  to  the  Lake  or  the  Firehole  geysers.  The  hills, 
often  called  Sulphur  Mountain,  rise  about  150  feet  above  the 
surrounding  level,  and  are  formed  of  fragmentary  material 
wholly  rhyolitic,  decomposed  and  cemented  by  the  vapors  that 
rise  at  innumerable  points  through  the  hills.  There  are  but 
few  springs  at  this  locality;  the  most  prominent  and  most 
active  is  an  ever-splashing  bowl  of  green  sulphurous  waters 
known  as  the  Chrome  Spring.  Behind  this  basin  the  slopes 
are   light   colored,  chalky  white,  rose-pink  and  dull  yellows 
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the  calculated  angles  the  axes  of  Kokscharow*  have  been  taken 
in  which, 

a  :  6  :  c  : :  0-81309  :  1  :  1-90339. 


Forms. 

Calculated. 

Measurement. 

P^P 

111    .^lll 

94'' 

52' 

94** 

51', 

94'' 

41', 

94'  40' 

P^P 

111    .sill 

!             36 

40i 

36 

43, 

36 

44i 

p  ^m 

111    ^ 110 

18 

20i 

18 

20i, 

18 

22i 

p  ^e 

HI  -101 

36 

47 

36 

45, 

36 

50 

p  ^n 

111  -on 

47 

26 

47 

35. 

47 

15 

p  ^x 

111  -133 

27 

29 

27 

25, 

27 

27, 

27     30 

p^q 

111  a131 

29 

lOi 

29 

08, 

29 

17 

p^y 

111  -112 

1              ^^ 

11* 

:     16 

13i 

P  ^8 

111-  113 

1              26 

291 

26 

28i, 

26 

30i 

P  ^t 

111  -115 

40 

33i 

40 

34 

p  ^C 

111-001 

71 

39* 

71 

41i 

In  general  the  planes,  even  though  minute,  fjave  fair  reflections 
owing  to  the  brilliancy  of  their  surfaces.  The  only  exception 
to  this  was  the  plane  i-3  130,  from  which  no  satisfactory  reflec- 
tions could  be  obtained.  It  is  easily  identified  however  since 
it  lies  in  the  zones  110 /\  110  and  001 /\  131. 

Though  no  tests  were  made  the  material  is  apparently  of 
great  purity.  It  is  very  homogeneous  and  is  oi  a  delicate 
gnlphur-yellow. 

Orpiment  and  Realgar. 

The  presence  of  arsenic  in  the  hot  spring  waters  of  the  Yel- 
lowstone Park,  and  the  deposition  of  the  hydrous  arseniate  of 
iron,  scorodite,  by  them,  has  already  been  noticed  in  this  Jour- 
nal.* While  studying  the  hydro-thermal  phenomena  of  the 
r^on  for  the  U.  fe.  Geological  Survey,  under  the  direction  of 
Mr.  Arnold  Hague,  a  careful  search  for  deposits  of  the  arseni- 
cal sulphides  was  rewarded  by  the  discovery  of  realgar  and  orpi- 
ment, at  the  Norris  Geyser  Basin.  This  locality,  though  pos- 
BCSBing  few  geysers  worthy  of  comparison  with  those  of  the 
Firehole  basins,  is  peculiarly  interesting  by  reason  of  the  new- 
nefis  of  its  geysers  and  the  great  variety  of  its  chemical  deposits. 
It  covers  an  area  of  some  six  square  miles  situated  amid  the 
forests  of  the  great  rhyolite  plateau  of  the  Park  whose  gradual 
slopes  rise  on  everv  side.  The  area  of  present  activity  is 
inclnded  between  a  loop  of  the  Gibbon  river  and  two  spurs  of 
Gibbon  BBll,  an  eminence  of  rhyolite  that  rises  above  the  gen- 
eral level  of  the  country  to  the  south.     The   multitude  of 

*  Min.  RussL,  vi  p.  368,  1874. 

*  A.  Hague,  this  Journal,  vol.  zzxiy,  Sept.,  1887. 
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vWidly  colored  pools  and  equally  bright  tinted  waterways  the 
white  sinter  flats,  and  the  creamy  rose  and  yellow  shades  of  the 
decotnpoeed  rbyolite,  the  whole  enrroaBded  by  a  setting  of 
dark  green  pines,  presents  a  strange  pictare  not  easily  for- 
gotten. 

The  specimens  of  realgar  and  orpiment  come  from  the 
western  part  of  this  basin,  between  the  100  spring  plain  and 
the  Gibbon  river.  The  deposits  of  siliceous  sinter  ^<i  alnmilaiii 
elsewhere  in  the  basin  are  here  quite  scanty  and  furiii  a  tliii: 
coating  ujion  rock  composed  of  small  angular  fragmeiil£  of 
pearlite,  obsidian,  and  other  forms  of  rbyolite — generally  more 
or  less  decomposed  and  mixed  with  qnartz  grains,  the  whole 
compactly  cemented  by  ailiea  deposited  by  the  hot  sprios 
waters.  Several  small  outflows  of  clear  and  liot  acid  water 
issue  from  this  cement  rock,  their  united  overflow  forming  a 
small  stream  which  flows  through  a  shallow  gutter  in  the  rock 
and  joins  the  Gibbon  river  a  few  hundred  yards  beyond,  Near 
the  vents  the  channels  are  lined  with  an  incoherent  deposit  of 
milky  sulphur  which  frequently  coats  and  obscures  a  growth 
of  algiB.  The  gray  surface  of  the  rock  shows  no  trace  of  the 
brilliantly  colored  arsenical  sulphides,  and  it  is  only  upon 
breaking  this  rock  about  the  vents  and  prying  up  the  plates  *l 
the  margins  of  the  channels  that  the  realgar  and  orpiment  sre 
noticed.  Flateu  of  rock  ihwi  obtained  show  a  brilliant  red  and 
yellow  surface  of  the  mixed  sulphides  and  large  pieces  of  roci 
from  about  the  vents  are  penetrated  and  tilled  with  deposits  of 
the  yellow  orpiments,  the. dark  red  realgar,  and  the  mixture  of 
the  two.  Many  of  the  specimens  show  layers  of  waxy  dart 
red  translucent  realgar  an  eighth  of  an  inch  thick,  covered  bj 
incoherent  amnrpboiis  orpiment  and  alternating  layers  often 
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a  reddish  translucent  sublimate.  In  the  open  tube  with  a  ^ood 
current  of  air  volatilizes  and  deposits  in  the  upper  part  small 
flittering  octahedrons,  which  under  the  microscope  in  polar- 
ized light  proved  isometric  (As,0,).  Before  the  blowpipe  on 
charcoal  gives  characteristic  odors  for  sulphur  and  arsenic. 
Fused  witn  carbonate  of  soda  gives  the  reactions  on  dissolving 
for  sulphur  and  arsenic. 

The  association  of  the  realgar  and  orpiment  is  such  that  no 
definite  statement  can  be  made  as  to  which  forms  first,  but 
realgar  is  certainlv  the  last  formed  upon  many  of  the  speci- 
mens. Whether  it  is  formed  through  a  conversion  of  the 
orpiment  or  as  a  separate  deposition  is  uncertain,  but  the 
specimens  seem  to  indicate  that  the  latter  is  the  case.  Sili- 
ceous sinter  is  the  only  other  mineral  occurring  with  these 
arsenical  sulphides. 


Art.  XLII. — Mineralogical  Notes ;  by  L.  V.  PiRSSON. 

1.  Cerussits, — Some  specimens  of  cerussite,  obtained  through 
Messrs.  English  &  Co.,  of  New  York,  from  the  Red  Cloud 
Jline  in  Yuma  Co.,  Arizona,  contain  twin  crystals  in  which 

the  twinning  plane  is  the  uncommon  form  i-3,  130.  Since, 
moreover,  they  show  some  unusual  developments  in  their  crys- 
tal form,  it  has  been  thought  that  a  description  of  them  would 
be  of  interest.  The  speciineus  are  in  the  cabinet  of  Prof. 
George  J.  Brush. 

The  greater  number  of  those  observed  have  the  form  shown 
in  fig.  1,  which  presents  them  in  a  basal  projection.     This 


1. 


3. 


fives  a  much  better  idea  of  these  crystals,  shaped  like  arrow- 
eads,  than  an  orthographic  projection.     They  are  of  various 
sizeB  up  to  half  an  inch  in  length,  the  largest  observed.     They 
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resemble  the  example  of  tLis  method  of  twinning  given  by 
Kokscharow*  in  the  development  of  the  braclijdomes.  The 
figure  shows  them  in  ideal  symmetry;  thej  are  generally  at- 
tached by  the  barb-ehaped  end ;  sometimes  one  barb  or  indi- 
vidual is  free  with  the  faces  developed  as  in  the  figure ;  in  other 
forms  both  individuals  are  attached  and  the  barb-like  part  Si 
wanting.  They  oecur  on  the  specimen  seen,  with  cerargyrite 
and  wulfeuite.     The  forms  observed  on  these  crystals  are: 

r,  ..3,  130;  *,  l-I,  oil;  if,  3-1;  031;  i,  \\  012;  m,  I,  110;  J>.  1,  HI, 

Also  the  pinacoids  i-%,  100  and  i\  010,  the  pyramid  ^,  112 
and  the  brae hy -diagonal  pyramid  2-2,  121  have  been  identified 
in  zones  on  the  reflecting  goniometer  and  measured  with  some 
accuracy,  but  they  are  too  minutely  developed  to  give  any 
character  to  the  crystals  and  are  hence  omitted  io  the  fignres. 
The  crystals  are  well  suited  for  measurement,  the  faces  gener- 
ally giving  good  reflections  of  the  signal. 

Fig.  2  shows  a  crystal  from  the  same  place  with  a  different 
habit,  the  large  \  brachydome  x  and  great  development  of  the 
hrachy-prism  t  having  resulted  in  a  long  spindle-shape  form. 
Fig.  3  S110W8  the  same  individual  in  basal  projection.  It  oc- 
curred, attached  at  the  end  with  the  re-entrant  angle,  which  in 
consequence  was  somewhat  broken.  Otherwise  the  crystal  i^ 
quite  perfect  and  in  size  about  an  inch  long.  The  zone  of 
brachyduincs  is  somewhat  striated,  causing  a  rounding  ofl 
toward  the  point.  The  signals  of  the  prominent  faces  are. 
however,  very  distinct  and  give  good  measurements.  On  this 
crystal  the  forms  observed  were : 


i-I,  012. 
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2.  Hematite  and  Caseiterite. — Interesting  specimens  of  hem- 
atite and  cassiterite  intimately  associated  and  crystallized  have 
been  forwarded  by  Prof.  F.  A.  Genth  for  crystallographic  ex- 
amination. The  place  from  which  they  come  is  Mina  del 
Diablo,  Dnrango,  Mexico.  Among  them  a  number  of  un- 
doubted TOCudomorphs  of  cassiterite  after  hematite  were  ol>- 
served.  They  are  too  small  and  lusterless  for  the  forms  to  be 
determined,  but  the  whole  grouping  is  precisely  the  same  as 
that  of  hematite  in  the  familiar  "  Eisenrose "  habit,  consisting 
of  radiating  plates.  Often  the  central  portion  of  these  plates 
consists  of  a  piece  of  hematite,  the  outer  surrounding  part  of 
tin  oxide.  There  were  also  seen  pseudomorphs  of  cassiterite 
after  some  octahedral  mineral,  probably  magnetite. 

These  occurrences  of  cassiterite  and 
hematite  have  already  been  described  ^' 

by  Genth  and  vom  Rath,*  but  in 
these  specimens  lately  examined  an 
additional  point  of  interest  was  noted. 
This  is  the  presence  of  cellular  crys- 
tals of  hematite  filled  with  cassiterite. 
One  of  these  is  shown  in  fig.  4.  The 
forms  present  on  this  crystal  are 

c,  0001,  0;  a,  1120,  i-2;  r,  lOll,  R;  v,  OlTl,  -1;  5,  0221,  -2;  n,  2243,  i-2; 
d,10l2,  i;  e,  2021,  2. 

Those  chiefly  developed  are  the  prisms  and  the  basal  pinacoids 
which  give  the  crystals  its  habit.  In  reality  these  faces  are 
present  to  a  considerable  degree  only  along  the  edges,  the  re- 
maining parts  being  sunken  and  filled  with  a  roughened  surface 
of  cassiterite  which  runs  on  through  the  crystal.  The  polish 
and  luster  of  as  much  of  the  face  as  is  present  is,  however, 
very  fine  and  brilliant. 

A  thin  section  of  this  individual  was  prepared  parallel  to 
the  unit  prism  to  ascertain  if  the  cassiterite  had  here  also  any 
definite  orientation  in  regard  to  the  hematite.  None  was  ob- 
served. The  two  minerals,  both  appearing  fresh  and  unaltered, 
were  present  in  irregularly  mingled  masses.  The  cassiterite 
was  formed  of  an  intimate  crystal  aggregation  as  shown  by  its 
slight  but  uniform  action  on  polarized  light. 

From  these  facts  it  would  seem  as  if  the  two  minerals  had 
been  formed  simultaneously  and  the  hematite  having  a  greater 
tendency  to  crystallize  than  the  cassiterite  had  assumed  its 
crystal  boundaries  without  regard  to  the  latter. 

3.  Cfypsum. — The  crystals  which  are  illustrated  in  fig.  6  are 
from  Girgenti,  in  Sicily,  and  are  now  in  the  cabinet  oi  Prof. 
Geo.  J.  Brush.   They  are  twinned  according  to  the  usual  method, 

*  Proceedings  Am.  PhiL  Soc.,  1887,  zziv,  23. 
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the  twinning  s 


\  a  normal  to  100  and  the  following  simple 
formB  are  preBent,  m,  /,  110;  ft,  t-i,  010; 
I,  -1,  111:  and  e,  ^,  103.  Since  the  o^ 
thodome  i-i,  lacks  onlv  about  two  decreet 
of  forming  a  right  angle  with  the  orthopin- 
acoid,  the  two  domes  in  twin  position  prac- 
tically present  the  appearance  of  a  baeal 
plane  and  the  whole  crystal  that  of  hemi- 
morphie  orthorhombie  rather  than  of  mot- 
oclinic  symmetry.  This  pseudo-basal  plane  is  rough  and  oficil- 
latoty  and  the  very  slight  salient  angle  cannot  be  detected. 
The  crystals  are  of  good  size  and  very  Bymmetrical  except  it 
the  end  where  the  twin  pyramids  are;  they  are  attached  bj 
this  point  and  are  as  a  consequence  broken  and  disturbed  at 
this  place. 

4.  Pennine. — The  crystal  form  and  optical  properties  of  the 
violet  chrome  pennine  op  kammererite  from  Texas,  Peno., 
were  originally  described  by  Cooke*  from  specimens  from  the 
cabinet  of  Prof.  Brush.  At  the  request  of  Prof.  E.  S.  Daui  1 
have  recently  stndied  the  suite  of  specimens  in  Prof.  BrusU'f 
collection  from  this  locality  and  thanks  to  the  present  perfec- 
tion of  apparatus  for  crystal  lographic  investigation,  I  have 
been  able  to  make  out  several  forms  observed  by  Prof,  Cooke 
hat  which  he  was  not  then  able  to  determine.  The  forms  ob- 
served on  these  crystals  are  as  follows : 

O,  0001;  B,  lOil;  y,  \,  3025;  ^,  iS.  4-0-3-13 ;  i,  \.  1013;  p,  \-%,  1134 
X,  1-2.1122. 

The  last  three  are  new.     The  habit  is  shown  in  figs.  6  and  T. 
Fig.  6  is  very  similar  to  that  given  by  Cooke,  omittint;  the 

iiiide  fjf  the  BCCdiid  urdt'i-.     As  obtiervcd  liv 
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good  measnremeDts,  some  of  which  were  repeated  on  several 
crystals. 

The  following  table  shows  the  identification  of  the  forms  by 
calcnlated  and  measured  angles.  For  the  calculated  the  ele- 
ments of  Cooke  are  taken,  in  which 

a:c=  1  :  3-4951.     C/sR  (0001  a  10il)  =  76°  05'. 


Forms. 

Calc. 

Meat. 

c^r 

0001^1011 

103*  55' 

104* 

C/V0 

0001^40-4-l3 

51    09 

sr  06' 

C/^y 

0001  A  2025 

58    13 

58   05 

c^% 

0001^1013 

53    22i 

53   48 

c^p 

0001 /v  1124 

60    13i 

60   35 

z^p 

1013^1124 

25    54 

25    22 

c^X 

0001^1122 

74    05 

74   10 

The  form  1-2  (1122)  was  also  identified  by  the  fact  that  it 
lies  in  the  zone  between  i  (10l3)  and  r,  R,  (lOlI). 


6. 


8. 


5.  Mordenite, — The  author  desires  to  correct  a  small  error 
which  crept  into  the  determination  of  the  constants  of  this 
mineral  as  given  in  this  Journal,  xl,  page  236.  These  should 
read 

d'.l'c:,  0-40099 :  1  :  0*42792  angle  ^3=88'  29'  46* 

instead  of  the  figures  there  given,  whicli  are 

d :  6 : c  :  :  0-40101  :  1 ;  042623  angle  .(3=88*  30'  30'. 

Mineralogical  Laboratory,  Sheffield  Scientific  School, 
Now  Haven,  Nov.,  1890. 


410     J.  F.  Kemp—PeridotiU  Dikes  near  Ithaea,  If.  T. 


Art.  XLIII. — Peridotite  Dikes  in  the  Portage  SandMona 
near  Ithaca,  N.  Y.;  by  J.  F.  Kkmp. 

In  the  valnable  paper  on  the  peridotite*  at  Sjraenae,  N.  Y. 
which  appeared  in  tnis  journal  in  Aognet,  1887,  the  follow- 
ing Btatement  is  made  and  it  doubtiesB  expresBes  a  very  wide- 
Bpread  and  general  impression,  "  This  rock  ■  is  interesting 
as  being  the  only  known  instance  of  igneous  intrnsion  in  the 
nnaltered  and  undisturbed  Paleeozoic  strata  of  New  York" 
(p.  144).  Since  the  writer's  first  residence  in  Ithaca  (1886), 
tne  occurrence  of  trap  dikes  in  the  vicinity  has  been  a  sub- 
ject of  frequent  discussion  in  the  geological  laboratory  of 
Cornell  University.  Conversations  with  alumni  who  were 
students  under  the  instruction  of  Professor  C  F.  Hartt 
(1868-1878),  revealed  the  fact  that  he  made. frequent  men- 
tion of  them  and  created  the  impression  that  they  were 
well  recognized  phenomena  in  two  of  the  neighboring  gorges. 
They  do  not  appear  to  have  become  a  matter  of  record 
except  in  two  cases.  Professor  O.  A.  Derby  (now  in  Brazil) 
in  a  short  paper  in  the  Cornell  Review  (which  was  the 
student  publication  of  that  date),  vol.  i,  p.  70,  1874,  entitled 
"  Hints  to  Geological  Stndents,"  mentions  a  namber  of  locali- 
ties involving  in  all  four  dikes.  Three  of  these  are  in  Casca- 
dilia  Creek  on  the  confines  of  the  university  and  the  fourth, 
said  to  be  the  best  for  study,  is  in  Six-Mite  Creek,  two  or  three 
miles  distant.  Professor  i .  W.  Simonds  (now  of  Texas)  pub- 
lished in  1877,  a  short  article  in  the  American  Naturalist  {vol. 
"  ^  (.ifutogy  of  TthaL'ii.  "N\  'W.  ami   viriniiv     TIr- 
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northeast  of  Ithaca  and  seventy-five  miles  from  Syracuse,  but 
what  its  character  is  or  whether  it  is  indeed  igneous  is  unknown 
to  the  writer. 

The  dike  in  Six  Mile  Creek  near  Ithaca  was  re-located  in 
1887,  and  slides  were  at  once  prepared.  It  proved  to  be 
$1  thin  mass  1^  to  2  inches  wide  and  nils  one  of  the  numerous, 
parallel,  north  and  south  joints  which  are  extremely  abundant 
m  the  shaly  sandstones  of  the  region.  It  crosses  the  stream 
like  a  narrow  ribbon  and  pinches  out  a  few  feet  above  the  sur- 
face of  the  water.  It  has  a  light  brown  or  drab  color  with 
darker  spots  scattered  through  and  is  provided  with  numerous 
scales  of  a  reddish  mica.  It  effervesced  and  in  the  slides 
showed  a  mass   of   alteration  products  with  very  strong  sug- 

Sestions  of  an  eruptive  structure,  but  as  the  material  was  so 
ecomposed  it  was  decided  to  be  too  meagre,  to  deserve  men- 
tion. It  was  subsequently  submitted  to  Messrs.  G.  H.  Wil- 
liams, Diller  and  Derby  and  the  last  two  were  strongly  of  the 
opinion  that  it  was  igneous  and  suggested  blasting.  Later  dis- 
coveries make  this  procedure  hardly  necessary  and  prove  the 
6pecimen  to  be  undoubtedly  an  eruptive  rock  in  advanced 
decomposition. 

Dunng  a  visit  from  Professor  Derby,  the  past  autumn,  the 
subject  of  dikes  was  again  brought  up  and  the  probable  loca- 
tion of  one  in  Cascadilla  Creek  was  indicated.  The  point  is 
under  the  discharge  raceway  of  the  reservoir  forming  Willow 
pond,  just  east  of  the  entrance  to  the  Cornell  Campus.  In  a 
recent  drouth  it  became  accessible.  The  dike  is  about  three 
feet  in  width  and  strikes  north  and  south  right  across  the 
isourse  of  the  creek.  It  is  in  a  recess  formed  by  its  weather- 
ing and  a  corresponding  recess  appears  on  the  opposite  side, 
filled  however  with  dirt.     It  is  covered  with  sand  in  the  creek. 

The  rock  itself  is  very  dark  green  to  black.  Its  surface  is 
mottled  by  black  protuberances  which  look  very  much  as  if 
they  were  pebbles.  But  they  readily  crumble  under  the 
fingers  to  a  black  dirt.  The  fresher  portions  have  a  porphy- 
ritic  aspect  and  suggest  a  peridotite  at  once,  and  this  is  verified 
bv  the  slides.  In  the  sections  the  rock  is  seen  to  be  highly 
altered.  The  black  masses  prove  to  be  the  remains  of  large 
olivine  and  enstatite  or  bronzite  crystals. 

The  latter  show  very  generally  the  striated  appearance  so 
characteristic  of  these  pvroxenes  but  the  silicate  itself  has 
changed  to  serpentine  ana  carbonates.  The  crystals  are  3-5"°* 
in  diameter.  The  recognizable  olivine  is  in  smaller  crystals 
than  the  pyroxene  as  a  general  thing,  but  appears  in  no  incon- 
siderable amount.  It  is  very  probable  that  the  larger,  unstri- 
ated  alteration  masses  were  also  olivine.  The  characteristic 
reddish  biotite  of  the  peridotites  is  distributed  through   the 
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rock,  and  is  Btill  quite  fresL.  The  crystals  rnn  about  0'2-0-3'°* 
long.  Their  distribution  indicates  at  tinies  an  excellent  flow 
structura  Magnetite  is  abundant  both  in  irregular  grains  and 
rude  crystals.  A  small  amount  of  a  reddish  brown  mineral,  of 
high  inde3t  but  not  entirely  isotropic,  is  also  present.  It  is 
probably  perofskite.  The  groundmass  consists  in  large  part 
of  numerous  small  acieular  crystals  of  highly  inclined  extinct- 
ion which  arc  augite.  The  groundmass  seems  origiDally  to 
have  been  glassy.  An  analysis  which  was  kindly  made  in  the 
chemical  laboratory  at  Cornell  by  Mr.  W.  II.  Morrison,  grad- 
uate student  in  chemistry  yielded  the  following  results. 

SiO,      Fe,0,      A1,0,       CaO       UgO      K,0     Na,0  Lom      ToW. 

3/2       37-*4       11-93       28*60       B-46       1-91       103       0-97  12-87=100-« 

The  analysis  shows  at  once  the  advanced  stage  of  the  decom- 
position and  yet  indicates  a  very  basic  rock.  Qualitative  teste 
failed  to  show  chromium. 

The  rock  resembles  very  closely  the  Syracnse  8eq)entiDe 
described  by  Dr,  G,  H,  Williame  in  its  general  macroscopic  ap- 
pearance and  in  many  of  its  microscopic  cfaaractera.  The  lai^ 
phenocrysts  are  the  same  but  the  olivine  is  less  fresh  than  at 
Syracuse.  The  reddish  mica  is  present  in  botlL  It  has  ak) 
been  compared  with  the  peridotite  from  Elliott  Co.,  Ky.,*  and 
that  of  Pike  Co.,  Ark.,t  and  evidently  belongs  to  the  same  fam- 
ily of  rocks  but  as  might  be  expected  it  resembles  the  Syraciue 
rock  most  closely. 

The  occurrence  is  interesting  because  it  shows  the  further 
distribution  of  igneous  rocks  in  a  region  supposed  to  be  free 
from  them.  Ithaca  is  some  seventy-five  or  eighty  miles  south 
of  Syracuse  and   much  higher  in  the  geological  scala     The 
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Art.  XLIV. — A  New  Locality  for  Meteoric  Iron  with  a 
Preliminaj*y  Notice  of  the  Jjiscovery  of  Diamonds  in  the 
Iron;*  by  A.  E.  Foote.    With  Plates  XIV,  XV. 

Historical  sketch  of  the  discovery. — In  the  latter  part  of 
March,  1891,  the  mining  firm  of  N.  B.  Booth  &  Co.,  oi  Albu- 
querque, New  Mexico,  received  a  letter  from  a  prospector  in 
Arizona  informing  them  he  had  found  a  vein  of  metallic  iron 
near  Cafion  Diablo,  sending  them  at  the  same  time  a  piece 
with  the  request  for  an  assay.  Sometime  in  April  this  piece 
was  examined  by  a  Colorado  assayer  who  reported  "76*8  per 
cent  of  iron,  1*8  per  cent  lead,  ^  oz.  silver,  and  a  trace  of 
gold.     From  its  appearance  we  should  take  it  to  be  a  furnace 

product."! 

This  result  was  naturally  not  satisfactory  to  the  mining  firm 
and  a  mass  weighing  forty  pounds  was  broken  into  several 
fragments  with  a  trip  hammer.  One  of  these  was  sent  to  the 
President  of  the  Santa  Fe  Railroad,  and  another  to  Gen.  Wil- 
liamson, the  land  commissioner  of  the  Atlantic  and  Pacific 
Railroad  Co.,  in  Chicago.  Gen.  Williamson  consulted  me  as 
to  the  probable  value  of  the  so-called  mine  of  "pure  metallic 
iron,"  stating  on  the  authority  of  the  prospector  that  the  vein 
had  been  traced  for  a  distance  of  about  two  miles,  that  it  was 
forty  yards  wide  in  places,  finally  disappearing  into  a  mountain 
and  that  a  car  load  could  be  taken  from  the  surface  and  ship- 
ped with  but  little  trouble. 

A  glance  at  the  peculiar  pitted  appearance  of  the  surface 
and  tne  remarkable  crystalline  structure  of  the  fractured  por- 
tion convinced  me  that  the  fragment  was  part  of  a  meteoric 
mass,  and  that  the  stories  of  the  immense  quantity  were  such 
as  usually  accompany  the  discovery  of  so-called  native  iron 
mines,  or  even  meteoric  stones.  As  soon  as  possible,  in  June, 
I  made  a  visit  to  the  locality  and  found  that  the  quantity  had, 
as  usual,  been  greatly  exaggerated. 

There  were  some  remarkable  mineralogical  and  geological 
features  which,  together  with  the  character  of  the  iron  itself, 
would  allow  of  a  good  deal  of  self  deception  in  a  man  who 
wanted  to  sell  a  mme. 

Description  of  Locality. — Nearly  all  of  the  small  fragments 
were  found  at  a  point  about  ten  miles  southeast  from  Cafion 

*Read  before  the  American  Association  for  the  Advancement  of  Science, 
August  20th,  1891. 

f  This  assay  was  of  such  a  remarkable  character  that  I  took  the  trouble  to  stop 
at  the  city  where  it  was  made  and  ask  how  such  extraordinary  results  were 
obtained.  I  was  informed  that  the  lead,  silver  and  gold  were  probably  the  results 
of  the  materials  used  in  making  the  assay. 


418       Wadsworth — Trap  Bange  of  Keweencnoan  Seriea. 

although  far  from  being  as  decisive  as  could  be  wished,  yet 
the  observations  would  appear  to  be  of  conaiderable  intereet 
and  importance 

"  Silver  Mt."  (Sec.  1,  T.  49,  R.  36  W.)  was  found  to  be  com- 
poaed  of  interbedded  lava  flows,  of  which  at  least  ten  flows 
were  made  out  with  more  or  less  certainty.  These  flows  dip 
to  the  northwest  at  an  angle  of  from  ten  to  sixteen  degrees. 
No  BandBtOne  was  fonnd  nearer  than  two  miles.  This  nas  a 
slight  dip  to  the  northwest.  On  Set^  29,  T.  47.  K.  37  W.,  t 
series  of  melaphyr  flows  were  observed  dipping  at  a  low  angle 
to  the  north  or  a  Httle  west  of  north.  The  angle  of  tbeir 
greatest  inclination  being  from  15"  to  20". 

These  flows  are  interbedded  with  sandstone  which  holds 
fragments  of  the  melaphyr.  A  felsite  dike  also  cats  throuj^L 
the  beds. 

Similar  lava  beds  are  found  on  Sec.  25,  T.  47,  R.  38  ff- 
and  Sec.  30,  T.  47.  R.  37  W.,  wliich  lie  at  a  low  angle,  9° 
to  16°  north  or  a  little  west  of  north ;  while  on  Sec.  1,  T.  46, 
R.  39,  the  flows  dip  from  9°  to  20°,  the  principal  dip  being  to 
the  north  at  an  angle  of  14°.  Outcrops  of  the  same  old 
basaltic  rocks  occur  on  Sec.  35,  T.  47,  R  38  W.  and  Sec.  ^, 
T.  46,  R.  39  W,,  which  show  a  vcrj'  low  inclination. 

The  most  important  observations  were  made  in  Sees.  11,  13 
and  14,  T.  46,  R.  41  W.,  where  the  sandstone  was  fonnd  over- 
laid by  some  of  the  lava  flows.  The  sandstone  is  fonnd  in  con- 
tact with  schists  presumably  of  the  Arcbsean  or  Azoic  Age. 
The  base  of  the  sandstone  is  of  a  conglomcritic  character  com- 
posed of  rolled  pebbles  of  quartz  cemented  by  an  argillaceous 
matrix  formed  from  the  debris  of  the  underlying  steeply  in- 


A.  Oarjf — CfeologiealfeuOg  on  Grand  River,  JLabr<tdcr.  419 

qnestion  whether  the  snperpoeitioD  of  the  lava  on  the  sand- 
Btone  ie  due  to  its  having  flowed  over  it,  or  to  a  reversed  fault. 
In  connectioa  with  the  above  it  may  be  pointed  ont  that  the 
eastern  sandstone  on  Traveree  Island,  in  Keweenaw  Bay,  was 
found  by  the  Michigan  Geological  Survey  to  dip  westerly  at 
an  angle  of  from  live  to  fonrteen  degrees,  and  that  the  present 
writer  showed  that  the  eastern  sandstone  in  the  vicinity  of 
Torch  Lake,  generally  dipped  from  five  to  twenty-three  de- 
crees northwesterly  toward  the  copper- bearing  series,  and  that 
It  actually  passed  under  the  lava  flows. 


t,  lava  fiaws;  c,  cbertj  banda;  a,  a,  inilurated  BaadBloaeB. 


The  above  observations  would  go  to  show  that  the  lava 
flows  of  the  "  South  Trap  Range,"  east  of  Lake  Gogebic  do 
not  dip  at  a  high  angle,  as  has  been  generally  asserted,  and 
farther  that  the  eastern  sandstone  is  not  horizontal,  as  has 
been  generally  stated,  but  that  the  two  dip  at  a  low  angle, 
generally  5°  to  20°.  These  observiitions  also  indicate  that  the 
eastern  sandstone,  and  the  lava  tiows  of  the  South  Trap  Range 
are  one  formation,  and  are  as  eoufonnabie  as  eruptions  of  lava 
can  be  with  a  contemporaneous  sedimentary  deposit. 

The  study  of  the  South  Trap  Range  will  be  continned. 

Ifichignn  Mining  Scbool,  HouKhton,  Uich.,  October  1st,  1891. 


Art.  XL VI. — Geological-  Facts  noted  on  Grand  River,  Lah- 
rador;*  by  Austin  Cart. 

The  map  of  Labrador  shows  on  its  eastern  coast  one  deep 
indentation.  This  body  of  water,  comprised  of  Ilamilton  inlet 
and  Lake  Melville,  is  140  miles  long  in  all,  and  washes  at 
almost  every  point  the  Archtean  rock  of  the  country, 

'  Prof.  I^slie  A.  Lee  in  plannine-  the  DuwiIditi  expedition  to  Lobrador  the  past 
■ummer  delermiDed  to  send  a  p.irtv  up  the  (!r»nit  River  to  investigate  itF  fulls 
and  obtain  Bucb  gcieotiflc  InFnnnatioa  as  miglit  be  possible.  This  paper  embodies 
tb*  geolc^ical  tscta  noted  bj  that  party.  Thoir  mcagemeaa  and  lack  of  detail 
mtwt  be  Iwgely  attributed  to  the  hurried  nature  of  tbe  trip  and  the  serious  acci- 
dmtB  met  with. 
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Lake  Melville  receives  at  its  head  three  large  riven.  One 
of  these,  the  Grand  or  Hainilton  river,  the  largeet  in  the 
peninsula,  prolongs  for  many  mites  the  eeneral  westerly  trend 
of  the  inlet.  Not  only  this,  bnt  the  valley  in  which  it  flowB  ii 
a  continuation  of  the  basin  of  the  inlet,  largely  similar  in  char- 
acter, direction  and  width.  For  sixty  miles  tne  river  floira  on 
loose  sedimentary  material,  lying  again  between  steep  roekj 
walls  nowhere  less  than  six  or  eifrlit  miles  apart.  The  conti- 
nuity of  this  valley,  from  this  point  to  the  open  sea  seems  evi- 
dent. It  is  a  wide  trough,  200  miles  long,  cut  into  the  edge 
of  the  Labrador  plateau  and  through  its  outlying  hills. 

Seldom  does  the  river  in  this  region  touch  the  rocky  wall, 
bnt  at  a  point  25  miles  from  the  month  it  has  dug  into  the 
southern  wall,  and  a  remarkably  round  gneissic  hill  some  4O0 
feet  high  has  l>een  formed.  Here  also  a  half  mile  of  fall  and 
rapid  makes  a  drop  in  the  river  of  70  feet.  At  the  bottom  of 
the  section  of  sedimentary  material  thas  exposed,  fossiliferocE 
Chaniplain  clays  were  found,  the  total  height  of  the  section  at 
this  point  being  something  over  200  feet.  Toward  the  river 
month,  it  gradually  drops  to  the  level  of  the  stream,  while  4<' 
miles  farther  up  terraced  banks  of  sand  rise  to  a  height  of  4O0 
or  SOO  feet. 

At  a  point  between  60  and  70  miles  from  Lake  Melville  the 
sides  of  the  rocky  valley  approach  till  they  are  bnt  about  > 
mile  apart.  This  is  well  within  the  Labrador  plateaa  which 
in  this  region  is  tolerably  level,  so  that  from  the  deeply  sunk 
river  bed  its  edges  have  the  appearance  of  high,  steeply  slop- 
ing ridges.  Parallel,  and  from  a  half  mile  to  three  miles  apart, 
they  extend  for  more  than  200  miles,  their  regularity  broken 
OTily  by  till'  dee])-woni  viiiJcys  of  the  largest  streams,  and  I 
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cleared  oat.  From  one  to  three  miles  wide,  it  contracts  to 
about  a  quarter  mile  at  its  outlet,  where  the  current  passes  out 
between  perpendicular  rocky  bluffs,  the  talus  from  which 
serves  in  part  to  dam  up  the  water. 

Of  the  geological  features  observed  on  this  river  the  great 
callon  at  the  head  of  our  travel  is  judged  the  most  remarkable. 
At  the  upper  end  of  this  structure  the  river,  which  above 
here  has  been  flowing  on  the  plateau  level,  makes  an  abrupt 
drop  and  flows  off  with  many  sharp  turns,  a  succession  of  falls 
and  rapids,  between  abrupt  walls.  These  walls,  without  a 
single  break,  continue  for  20  miles,  during  which  they  are 
very  often  absolutely  perpendicular,  and  at  few  points  so  slop- 
ing that  it  is  possible  to  reach  the  river's  bed  on  foot.  About 
100  yards  wide  at  the  bottom,  the  gorge  at  its  head  is  150  feet 
deep,  at  its  foot  as  much  as  800.  Grrand  in  dimensions  and 
unique  in  character  as  is  this  gorge,  it  has  never  been  appre- 
ciated by  the  few  men  who  have  seen  it.  We  suggest  for  it 
the  name  "  Bowdoin  Cailon." 

At  its  mouth  the  canon  opens  into  the  side  of  the  river  val- 
ley described  above  and  at  right  angles  to  it.  The  difference 
in  structure  here  is  very  marked.  The  broader  valley  extends 
both  ways  the  same  in  direction  and  character ;  but  while,  as 
seems  probable,  the  main  drainage  of  the  country  flowed  origi- 
nally through  this  channel,  it  now  hoJds  but  a  small  stream 
compared  with  the  volume  pouring  out  of  the  caiion. 

Several  interesting  facts  were  noted  at  the  fall  which  seem 
to  determine  its  present  position.  The  river  above  this  point 
is  flowing  on  a  hard,  moderately  coarse  syenite  which  is  hori- 
zontally jointed.  At  the  crown  of  the  fall  the  jointing,  as  is 
shown  by  a  very  plain  section,  takes  a  gradual  curve.  This 
curve  the  water  follows  downward  until  having  reached  a  very 
considerable  angle,  it  takes  a  perpendicular  drop.  The  walls 
of  the  basin  into  which  the  river  falls,  while  inaccessible  to 
close  inspection,  were  intersected  I)y  what  appeared  to  be  two 
or  three  trap  dikes;  wliile  just  here  also  was  a  region  of 
special  jointing  and  seaming.  Somewhat  below  the  fall  the 
rock  was  noted  as  having  clianged  to  a  syenitic  gneiss.     Our 

Earty  spent  four  days  in  travel  on  the  plateau  in  the  neighbor- 
ooa  of  the  fall  and  caflon.  So  far  as  observed  the  plateau 
surface  is  worn  down  to  a  pretty  even  general  level  with  per- 
petual minor  elevations  and  depressions.  Almost  its  whole 
surface  is  covered  with  angular  bowlders.  One  rounded  hill, 
from  500  to  800  feet  in  height  was  ascended,  by  far  the  highest 
elevation  in  a  radius  of  many  miles.  It  was  christened  by  the 
party  Mount  Hyde.  Glacial  markings  and  bowlders  were 
found  on  its  summit 
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SCIENTIFIC     INTELLIGENCE. 
I,    Cheuistrt  and  Phtsics. 

1.  On  the  so-called  "Black  Sulphur"  of  Xagnut. — Ekipt 
has  examioed  the  mode  of  formation  and  the  properties  of  tbe 
Bo-called  "black  Bulphnr "  first  described  by  Magnus.  He  finds 
that  the  best  mode  of  preparing  it  is  to  heat  suddenly  a  mixture 
of  sulphur  and  oil  ;  such  for  example  as  is  obtained  by  dissolying 
almond  oil  (0'2  to  0'4  gram.)  in  ether,  mixing  the  solution  tho^ 
oughly  with  50  grams  flowers  of  sulphur  and  then  evaporatin;; 
the  etner.  If  a  small  portion  of  this  mixture  be  dropped  from 
the  point  of  a  knife  on  to  the  bottom  of  a  red  hot  platinum  cruci- 
ble, most  of  it  is  volatilized,  hut  there  is  left  aloose  black  residue, 
which  after  cooling  is  removed.  By  repeating  the  operation,  the 
product  may  he  increased  indefinitely.  Even  with  the  greatest 
precautions,  the  yield  is  very  small,  only  0-8e5  gram  having  been 
obtained  in  this  way  from  100  grams  of  sulphur  and  0'4  gram  of 
oil,  as  a  mean  of  23  experiments.  The  oil  treated  alone  in  this 
way  gave  only  O'Oll  gram  of  residue.  As  thue  obtained  the 
"black  sulphur"  contains  some  yellow  sulphur,  and  if  the  mate- 
rials were  not  pure,  also  some  ash.  Its  density  varies  from  2'e!2 
to  1'843,  this  want  di  homogeneity  being  due  to  the  difficulty  of 
regulating  the  temperature.  It  is  insoluble  in  hot  and  cold  water, 
alcohol,  ether,  hydrochloric  acid,  nitric  acid,  aqua  regia,  ammonia, 
caustic  alkalies  even  when  concentrated,  and  potassium  cyauide. 
On  evaporating  it  with  potassium  hydroxide  solution,  it  is  at- 
tacked lust  as  the  hydroxide  is  becoming  solid  and  dissolved  to  > 
humus-brown  mass  soluble  in  water  with  a  deep  brown  color. 
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cent  of  the  sulphur  is  expelled  at  a  red  heat,  while  the  residue 
contains  10  per  cent  only  of  sulphur  mixed  with  83-34  per  cent 
of  carbonaceous  matter.  Only  13-14  per  cent  of  the  total  sul- 
phur is  dissolved  by  potassium  dichromate  and  bromine.  Hence 
the  author  concludes  that  the  "  black  sulphur  "  of  Magnus  is  not 
in  itself  a  modification  of  sulphur,  but  consists  of  such  a  modifi- 
cation either  adhering  to  or  condensed  with,  a  carbonization  pro- 
duct of  the  oil,  itself  containing  sulphur.  The  new  form  of  sul- 
phur does  not  vaporize  below  a  temperature  which  is  far  above 
the  boiling  point  of  yellow  sulphur.  Moreover  its  vapor  is  color- 
less and  not  brown  ;  and  it  evolves  sulphurous  oxide  below  a 
visibly  red  heat  without  combustion.  Though  evidently  unstable 
in  the  free  state,  it  can  exist  readily  in  contact  with  any  surface 
which  affords  a  substratum  for  its  fleveloj)ment.  This  the  author 
finds  in  the  blue  color  developed  by  sulphur  on  platinum,  silver 
and  lead  sulphide,  and  in  the  blue  of  ultramarine. — J,  pr,  Ch,^  II, 
xliii,  305  ;  J,  Chem,  Soc,^  Ix,  877,  Aug.  1891.  G.  F.  B. 

2.  On  a  new  for  tn  of  Silicon, — Warren  has  described,  a  new 
form  of  silicon  crvstallizing  in  well-defined  oblique  octahedrons, 
obtained  by  subjecting  potassium  silicofluoride  to  an  intense  heat 
in  contact  with  impure  aluminum.  On  separating  the  graphi- 
toidal  silicon  thus  produced,  by  the  aid  of  acids,  tlie  new  variety 
was  obtained  though  only  in  small  amount.  The  yield  was  in- 
creased by  j)roceeding  as  follows  :  Pieces  of  aluminum  the  size 
of  a  walnut  were  thrown  into  a  chiy  crucible  containing  a  mix- 
ture of  4  j)arts  of  j)otassium  silicoflnoride,  one  part  potassium 
carbonate  and  2  parts  potassium  chloride,  in  a  state  of  fusion. 
After  the  violent  action  was  over,  the  crucible  was  heated  to 
whiteness  for  about  five  minutes.  On  cooling  a  button  was  ob- 
tained containing  80  ])er  cent  of  silicon.  This  was  placed  in  a 
plumbago  crucible  with  12  parts  of  aluminum  and  2  ])arts  of  tin 
and  the  whole  was  covered  with  a  laver  of  sodium  silicate. 
After  heating  to  the  highest  attainable  temperature  for  two 
hours,  the  crucible  was  cooled  and  the  aluminum  button  was 
broken.  It  contained  the  new  modification  of  silicon  in  large 
perfect  crystals,  having  a  full  metallic  luster  and  resembling  the 
crystals  of  cast  iron  seen  on  breaking  a  pig  of  this  metal.  The 
silicon  crystals  are  infusible  and  insoluble  in  all  acids  except 
hydrofluoric. —  Chem,   Kews,  Ixiii,  46  ;  J,    Chem,  Soc.^  Ix,   799, 

July,    1891.  G.  F.  B. 

3.  On  a  nexo  Alkaloid  from  Coniuni  maculatwn. — The  new 
alkaloid  which  was  observed  in  (Jonium  maculatum  bv  Merck  of 
Darmstadt,  has  been  submitted  to  a  careful  chemical  examina- 
tion by  Ladenburg  and  Adam.  As  received  it  was  a  white 
powder,  easily  soluble  in  water,  alcohol,  ether  and  benzene  and 
lorming  salts  with  acids.  The  new  base  was  purified  in  two 
ways  :  first  by  distillation  and  second  by  recrystallization  from 
toluene.      Both  portions  had  the  same  melting  point  and  both 

fave  on  analysis  similar  numbers  :  carbon  66*66  and  67*14,  and 
ydrogen  12'88  and  12*35,  the  nitrogen  being  9*88.     This  agrees 

Am.  Joub.  Sol— Thxbd  Series,  Vol.  XLII,  No.  261.— November,  1891. 
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with  the  formula  C,H,,NO  which  ib  that  of  eonhydrine.     Being 

Juite  Bimilar  to  this  base  the  niithors  call  it  pseuijoconbjdrine. 
t  boils  at  aag^-aai",  the  diBtilUte  solidifying  crystalline,  md 
fusing  at  tOO'-loa".  It  is  optically  active,  'aa  =  4-30°.  lis  con- 
stitution has  not  been  fixed, — Ber.  Jierl.  Ckem.  Qea.,  iiiv,  16T1, 
June,  1891.  o.  F.  B. 

4.  On  Iron-tetracarbonyl  and  N^icktl-tetracarbonyf. — Moxn 
and  Quincke  have  succeeded  in  forming  a  compound  of  iron 
with  carbon  monoxide  analogous  to  the  compound  of  nickel  nilli 
this  gas  described  by  them  in  conjunction  with  Langer.  WLn 
very  finelv  divided  iron,  obtained  by  reductnjr  iron  oxalate  in  t 
current  ol  hydrogen  at  the  lowest  possible  temperature,  but  litll« 
over  400°,  and  theu  cooled  in  the  gas  to  80°  is  treated  with  car- 
bon monoxide,  the  escaping  gas  imparts  a  yellow  color  lo  the 
flame  of  a  Bunsen  burner  into  which  it  is  paHsed,  this  result  con- 
tinuing even  at  ordinary  temperature  for  several  hours.  On  pass- 
ing the  gas  througli  a  heated  glass  tube  at  200°  to  350°  a  metallir 
mirror  is  formed,  while  at  higher  temperatures  black  flakes  are 
produced.  Upon  dissolving  these  mirrors  in  acid,  the  solutioni 
gave  all  the  known  reactions  of  iron  in  remarkably  brilliuil 
colors.  A  solution  in  nitric  acid,  precipitated  by  ammunii, 
weighed  and  reduced  by  hydrogen  gave  70'48  and  69-84  per  e«ii 
of  iron  in  the  'oxide  in  two  eases,  the  theoretical  amount  beitig 
lO-OO,  Even  under  the  moat  favorable  circumstances,  howcTer. 
the  quantity  of  iron  obtainable  in  this  way  is  very  small.  Od 
treating  12  grams  of  finely  divided  iron  with  carbon  monoxide 
for  six  weeks,  only  about  two  grams  of  the  metal  volatiliui 
After  a  time  the  action  diminished  in  intensity,  and  it  was  fonad 
necessary  to  heat  the  iron  in  a  current  of  hydrogen  at  400°  fw 
about  twenty  minutes  every  five  or  six  hours.  When  24  liten  of 
carbon  inonosidc  passed  per  hour  over  the  iron,  the  issuing^ 
.„:„,..!  .„>.  .-^,-„  il.n..  ii-rii  ™,-on.   ni"  In,..,   ..on  il.-v-  .   e^juivalpm 
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BsBTHELOT  also  has  observed  the  formation  of  this  iron-car- 
bonyl  compound.     If  finely  divided  iron,  obtained  by  reducing 
the  precipitated  oxide  at  the  lowest  possible  temperature  or  by 
igniting  the  oxalate  in  hydrogen,  be  treated  at  45     with  carbon 
monoxide,   the   escaping  gas    contains   iron    and   bums  with  a 
brighter,   sometimes   whiter,   fiame    than   the   monoxide    itself. 
This  fiame  produces  spots  on  a  porcelain  surface  held  in  it,  these 
spots   consisting  of   iron  and   its  oxide.      On   ))assing   the   gas 
through  a  heated  tube  a  metallic  ring  is  deposited  consisting  of 
iron  containing  carbon.     With  concentrated  hydrochloric  acid, 
the  gas  gives  ferrous  chloride.     On  standing  over  water  contain- 
ing air,  iron  oxide  is  deposited.     The  quantity  of  the  iron  com- 
pound is  very  small.     Borthelot  has  also  examined  nickel-tetra- 
carbonyl  and  finds  that  it  is   permanent   Jind   without   marked 
dissociation-pressure  at  ordinary  temperatures.     When  preserved 
under  water  it  is  not  decomposed  if  air  be  absent.     When  heated 
suddenly  to  above  G0°  it  explodes,  pro<lucing  carbon  and  carbon 
dioxide  besides  nickel  and  the  monoxide  ;  according  to  the  equa- 
tion C^O^Ni  =  (COJj  +  C^  +  Ni.     It  is  not  soluble  in  water,  dilute 
acids  or  alkalies  or  acid  cuprous  chloride  ;  though  hydrocarbons, 
especially  oil  of  turpentine  dissolve  it.     Mixed  with  air  or  oxygen 
it  detonates  on  ignition  and  sometimes  spontaneously  as  when  the 
dry  gas  mixed  with  oxygen  is  agitated  over  mercury.     In  pres- 
ence of  water,  a  greenish-white  gelatinous  precipitate  is  formed 
which  contains  nickel,  oxygen,  water  and  combined  carbon,  and 
which  deposits  carbon  on  heating.     In  the  liquid  state,  nickel- 
tetracarbonyl   shows  similar  reactions.     Concentrated  suljdmric 
acid  explodes  it,  while  its  vapor  when  mixed  with  nitrogen  is 
gradually  converted  by  this  acid  into  four  times  it  volume  of 
carbon  monoxide,  the  nickel  going  into  solution.     Ammonia  does 
not  act  at  once  on  the  pure  gas,  while  if  oxygen  be  present  white 
fames  appear  immediately.     Hydrogen   sulphide  gives  a  black 
sulphide,  hydrogen  phosphide  a  i)la(;k  mirror-like  deposit.     Nitro- 
gen dioxide  when  mixed  with  the  li([uid  or  its  va])or,  j)roduces  a 
bhie  cloud  which  gradually  sinks  to  the  bottom  of  the  vessel ; 
the  resulting  gaseous  mixture  containing  nitrogen  dioxide,  car- 
bon monoxide  and  a  new  nickel  compound.     The  author  calls  at- 
tention to  the  analotjv  between  carbon  monoxide  and  the  radicals 
contained  in  the   so-called    metallo-organic  compounds. —  </.  /i?., 
cxii,  1343  ;  Ber,  Berl,  Chem,  Gts.,  xxiv,  lief.  503,  July,  1891. 

G.  F.  B. 

5.  On  a  seyisitive  Beaction  for  Tartaric  acid, — Moiiler  has 
observed  that  when  crystals  of  tartaric  acid  are  thrown  on  sul- 
phuric acid  of  66°  B.,  containing  one  per  cent  of  resorcinal,  and 
the  whole  is  heated  gradually,  a  fine  red- violet  coloration  is  pro- 
duced when  the  temperature  approaches  rJ5° ;  complete  carboni- 
zation taking  place  at  190°.  Water  destroys  the  color.  The 
coloring  matter  could  not  be  isolated  since  it  was  not  soluble  in 
ether,  amyl  alcohol,  acetone,  chloroform,  or  benzine.  Using  other 
phenolB,  similar  colors  are  produced  ;  phloroglucinol  giving  a  red 
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and  pyrogallol  a  fine  violet  color.  Since  these  resctiooe  are  not 
given  by  succinic,  malic,  citric  or  benzoic  acids,  tartaric  acid  nuv 
readily  be  detected  when  miscd  with  any  of  these  acids.  To  de- 
tect O'Ol  milligram,  the  anthor  evaporates  the  solution  to  bt 
tested  to  dryness,  one  c.c.  of  the  resorcinal  xolution  is  added,  and 
the  whole  is  gradually  heated  to  about  125°,  At  first  reddish 
streaks  appear  and  then  the  sulphuric  acid  becomes  colored 
throughout.  If  organic  substances  which  char  with  salphuric 
acid  are  present,  the  tartaric  acid  is  removed  by  precipitation  »a 
lead  tartrate  and  then  tested,  nitrates  and  nitrites  should  not  be 
prcseat.—Jivll.  Soc.  C'hem.,  Ill,  iv,  72fl  ;  J.  C'hem.  Soc.,  Ix,  8fi7, 
July,  1891.  G.  p.  B. 

6.  Photography  of  t/ie  Spectrum  hi  natural  color. — H.  W. 
VouEL  gives  a  historical  account  of  the  photography  of  color 
and  an  explanation  of  the  failures  to  accomplish  it.  It  appears 
that  Zenker,  in  1868,  indicated  the  method  of  depositing  layers 
of  silver  of  suitable  thickness  to  produce  by  interference  of  %hi 
colored  photogi'aphs,  a  method  which  Lippman  has  lately  devel- 
oped. Lord  Rayleigh's  (1886)  explanation  of  the  colors  in  pho- 
tographs produced  by  adjusting  the  layers  of  silver  to  wave 
lengths  in  order  to  produce  colors  by  interference  is  a  repetition 
of  the  explanation  of  Zenker.  In  the  earlier  processes  Ag,CI  wa* 
used  in  the  sensitive  film  and  the  fixing  of  the  image  produceii  in 
this  film,  by  hyposulphite  of  soda,  destroyed  by  separation  of  fine 
silver  particles  the  regular  layers  which  were  necessary  to  pn>- 
duce  interference  colors.  Lippman  uses  pure  bromide  of  silver 
which,  under  the  operation  of  fixing,  leaves  the  film  in  homoon- 
neous,  regulat  layers  suitable  for  producing  interference  colors,— 

Ver/iandl.  '/.  Physik.  Gea.  Berlin,  10,  p.  33,  1891  ;  I^otogr. 
MittAfii/.,  28,  p.  7.  J.  T. 

7.  Diacharffe  of  Electricily  through  esehausted  Tubes  vitkout 
EliM-trnden. — J.  J.  TniwsuN-  points  iml  that   i" 
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lusively  by  the  motion  of  the  magnets  that  all  the  tabes  are 
losed  :  whenever  batteries  or  condensers  are  used,  open  tubes  are 
present  in  the  field."  The  bearing  of  Professor  Thomson's  ex- 
periments on  the  aurora  is  extremely  interesting.  The  most  re- 
oarkable  appearance  was  presented  when  the  discharge  passed 
hrough  oxygen.  In  this  gas  the  bright  discharge  is  succeeded  by 
.  phosphorescent  glow  which  lasts  for  a  considerable  time,  some- 
imes  for  more  than  a  minute.  The  spectrum  of  the  afterglow  is 
,  continuous  one,  without  bright  lines.  The  only  gas  besides  oxy- 
gen which  shows  the  afterglow  is  air.  The  spectrum  of  the  air 
flow  showed  bright  lines.  Professor  Thomson  is  continuing  his 
Qvestigatiou.—PAiV.  J/a//.,  Oct.,  1891,  pp.  323-336.  J.  t. 

8.  Mntio  of  Ehctrornagnetic  to  Electrostatic  units, — ^J.  J. 
Thomson  and  G.  T.  C.  Searle  have  undertaken  a  redetermina- 
ion  of  the  value  of  this  ratio.  A  complete  account  of  their  ex- 
periments can  be  found  in  Phil,  Tran^.^  Lond.,  181  A.,  pp.  583- 
121,  1890.     The  value  obtained  is  ?'  =  2-9955-10'"  cm.  sec."'. 

J.  T. 

9.  Expansion  of  Water, — A  useful  table  of  the  expansion  of 
rater  from  temperatures  0°  to  31°  is  given  by  W.  Marek. — Ann, 
!er  Physik  und  Chemie,  No.  9,  1891,  p.  171.  J.  t. 

10.  Experiments  in  Aerodynaniics^  by  S.  P.  Langley.  115 
►p.  4to,  with  10  plates.  Washington,  1891  (Smithsonian  Contri- 
butions to  Knowledge,  801). — When  the  investigation  of  a  sub- 
ect  like  that  of  '* flying  machines" — at  once  so  stimulating  to 
he  popular  imagination  and  yet  almost  an  ignis  fatuus  in  the  view 
►f  sober  minds — is  made  the  subject  of  careful  scientific  experi- 
Qent  in  skillful  hands  the  results  are  sure  to  be  of  unusual 
Qterest  and  value.  This  is  eminent!}''  true  of  Prof.  Langley's 
avestigations  in  aerodynamics  which  briefly  demonstrate  experi- 
aentally  that  mechanical  flight  under  })roper  direction  is  prac- 
icable  and  further  that  the  support  of  heav}"  bodies  in  the  air, 
lombined  with  very  great  speeds  is  not  only  ])Ossible  but  within 
he  reach  of  mechanical  means  now  available. 

The  experiments  detailed  in  this  memoir  were  carried  on  at 
Allegheny  Observatory  between  1887  and  1891.  They  describe 
n  the  first  place  the  *'  suspended  plane  " — a  thin  brass  plane  a 
cot  square  weighing  two  pounds  hung  vertically  by  a  spring 
rom  a  surrounding  frame  and  capable  of  receiving  rapid  lateral 
notion.  Briefly  expressed  the  important  result  of  the  experi- 
nents  is  to  prove  that  the  downward  pressure  diminishes  as  the 
relocity  increases,  the  spring  contracting  as  the  plane  is  carried 
'orward.  A  second  instrument  served  to  show  graphically  the 
lirection  of  the  total  resultant  pressure  on  a  square  inclined 
>lane  and  to  roughly  measure  its  amount — this  is  called  the 
'resultant  pressure  recorder."  Still  another  instrument,  the 
'  plane-dropper,"  was  used  to  demonstrate  that  a  horizontal 
>lane  in  lateral  motion  requires  an  increased  time  for  its  descent, 
md  also  to  measure  the  time  of  fall  for  different  planes  and  other 
'elated  points,  thus  giving  the  soaring   speeds  of   wind-planes 
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set  at  varying  angles  and  making  it  possible  to  compote  the 
work  expended  in  their  uniform  horizontal  flight.  Thus  it  a 
proved  that  less  work  is  required  in  the  aerial  motion  of  heavy 
inclined  planes  at  higher  speeds  than  at  lower  ones.  In  the 
quantitative  experiments  connected  with  this  part  of  the  subject, 
a  "component  pressure  recorder"  was  used  together  with  a 
"  dynamometer-chronograph  "  to  record  the  speed,  the  reaistance 
to  forward  motion  at  the  instant  of  soaring  and  other  attendant 
phenomena. 

Reference  must  be  made  to  the  memoir  itself  for  the  details  of 
the  methods  and  results  of  the  experiments  with  the  instruments, 
alluded  to.  It  is  interesting,  however,  to  note  the  coaclusioD 
reached,  that,  "  so  far  as  the  mere  power  to  sustain  heavy  bodies 
in  the  air  by  mechanical  flight  goes,  such  mechanical  'flight  u 
possible  teith  engines  we  now  possess,  since  effective  steam  enginei 
have  lately  been  built  weighing  less  than  lO  pounds  to  an  horee- 
power,  and  the  experiments  show  that  if  we  multiply  the  small 
planes  which  have  been  actually  uaed,  or  assume  a  larger  plane 
to  have  approximately  the  properties  of  similar  small  ones,  one 
horse  power  rightly  applied  can  sustain  over  200  pounds  in  the 
air  at  a  horizontal  velocity  of  over  20  meters  per  second  (about 
46  miles  per  hour)  and  still  more  at  still  higher  velocities."  Th« 
author  adds  further  that  the  experiments  "  afford  assurance  thil 
we  can  transport  (with  fuel  for  a  considerable  journey  and  at 
speeds  high  enough  to  make  us  independent  of  ordinary  wind^) 
weights  many  times  greater  than  that  of  a  man."  He  goes  on  U> 
say  (we  quote  the  author's  words)  that  he  has  "not  asserted 
without  qualification  that  mechanical  flight  is  practicably  poeai- 
ble  since  this  involves  questions  as  to  the  method  of  cohstrncting 
the  mechanism,  of  securing  its  safe  ascent  and  descent  and  also 
of  securing  the  indispensable  condition  for  the  economic  use  di 
■"        <al.  tlie  ■■  ■       ' 
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present  edition  some  new  analytical  methods  have  been  added, 
the  table  of  atomic  weights  has  been  revised  and  the  errors 
noted  during  its  use  for  the  past  three  years  have  been  corrected. 
12.  Die  ihrtenUoickelung  der  elektrischen  Eisenhahn-Emrich' 
tungehf  von  L.  KoHLrirRST.  Vienna,  189  (A,  Hartleben's  Ver- 
lag). — This  volume  is  published  in  the  same  form  as  those  of  the 
"  Elektro-technische  Bibliothek "  repeatedly  noticed  in  this 
Journal.  It  is  devoted  to  the  various  applications  of  electricity 
to  railroad  traffic,  in  the  telegraph,  telephone,  signals,  etc.,  and 
rives  much  information  on  these  practical  subjects  compressed 
mto  a  small  space. 

II.     Geology  and  Mineralogy. 

1.  Report  of  Exploration  of  the  Glacial  Lake  Agasaiz  in 
Manitoba;  by  Wakren  Upham.  156  pages  8vo,  with  two 
maps  and  a  plate  of  sections ;  forming  Part  E,  Annual  report  of 
the  Geological  and  Natural  History  Survey  of  Canada,  vol.  iv, 
for  1888-89. — The  departure  of  the  ice-sheet  of  the  Glacial 
period  is  shown  to  have  been  attended  with  the  formation  of  a 
vast  lake  in  the  basin  of  the  Red  River  of  the  North  and  of 
Lake  Winnipeg,  held  by  the  retreating  ice-barrier.  It  exceeded 
Ln  extent  the  combined  areas  of  the  great  lakes  tributary  to  the 
3t.  Lawrence,  and  had  a  maximum  depth  of  about  600  feet. 
Seventeen  shore-lines,  marked  by  beach-ridges  of  gravel  and 
sand,  are  found  at  successive  levels  upon  the  northern  part  of 
this  lacustrine  area  which  are  referable  to  stages  of  the  glacial 
lake  while  it  outflowed  southward  bv  wav  of  Lakes  Traverse  and 
Big  Stone  and  the  Minnesota  River.  At  lower  levels,  eleven 
later  shore-lines  belong  to  stages  of  outflow  northward,  previous 
to  the  recession  of  the  ice  from  the  region  crossed  by  the  Nelson 
River,  whereby  Lake  Agassiz  was  reduced  to  Lake  Winnipeg. 
The  earliest  and  highest  beaches  have  a  gradual  ascent  of  about 
one  foot  to  the  mile  northward  along  an  explored  extent  of  400 
miles  from  south  to  north  ;  but  in  the  lower  beaches  there  is  a 
gradual  decrease  of  this  ascent,  and  the  latest  and  lowest  beaches 
are  very  nearly  level.  It  is  thus  known  that  the  area  of  Lake 
Agassiz  was  undergoing  a  differential  northward  uplift  during 
the  time  of  the  ice-departure,  and  that  the  uplift  was  nearly 
completed  within  that  time.  On  the  adjoining  country  of  Min- 
nesota and  North  Dakota  eleven  distinct  terminal  and  recessional 
moraines  indicate  the  maximum  extension  of  this  ice-sheet  and 
stages  of  halt  or  re-advance  interrupting  its  general  retreat ;  and 
five  of  these  moraines,  namely,  the  Dovre,  Fergus  Falls,  Leaf 
Hills,  Itasca,  and  Mesabi  moraines,  were  accumulated  after  Lake 
Agassiz  began  to  exist  in  the  Red  River  Valley. 

An  appendix  of  this  report  gives  a  tabulation  of  glacial  stride 
3n  the  region  of  Lake  Agassiz  and  the  country  northward  to 
Hudson  Bay  and  the  Mackenzie  ;  and  another  appendix  notes 
Gtltitudes  determined  by  the  Canadian  Pacific  railway  surveys  in 
Manitoba  and  westward  to  the  Pacific. 
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2.  Geological  Svrvey  of  Texas,  2nd  Annual  Report,  lB9Ct 
E.  T.  DvMBLE,  State  Geologist.  756  pp.  8vo,  with  maps,  pUtn 
and  sections.  Austin,  Tesas,  lft91. — The  introductory  chapter 
of  this  second  Annual  Ueport  by  Mr.  Dumble  reviews  the  wort 
of  the  ynar,  and  the  anbjecta  of  metallic  and  other  miner&l  and 
economical  resources  of  the  State.  It  is  followed  by  an  account 
of  the  geology  and  resources  of  the  iron  ore  district  of  Ea»l 
Texas,  by  E.  T.  Dumble,  Wm.  Kenedy,  J.  H.  Herndon  and  J. 
B,  Walker  ;  on  the  geology  of  northwestern  Texas,  by  W.  F. 
CummiuB  ;  on  the  geology  and  resources  of  the  central  mineral 
region  of  Texas,  by  T.  B.  Comstock  ;  and  on  the  geology  and 
mineral  resources  of  Trans-Pecos,  Texas,  by  W.  H,  von  Steeni- 
witz,  with  a  report  on  the  Cretaceous  rocks  of  the  region  by  J. 
A.  Taff. 

Mr.  Cummins,  in  his  account  of  the  Permian — the  lower  divis- 
ion of  the  Red  Beds, — makes  them  in  places  5000  feet  thick,  and 
every  where  conformable  with  the  Carboniferous.  He  divide* 
the  formation  into  the  Wichita  or  Lower,  consisting  of  sand- 
stones ;  the  Clear  Fork  beds,  limestones,  shales  and  sandstones, 
and  some  gypsum  ;  and  the  Double  Mountain  beds,  including 
limestones,  shales  and  thick  beds  of  gypsum.  The  orerlying 
Triassic  commences  with  sandstones  and  conglomerates,  which  re- 
semble and  are  supposed  to  be  the  equivalent  of  the  ShiDaruinp 
conglomerate  of  Powell— made  the  beginning  of  the  Trias  by 
Mr.  C.  D.  Walcott.  The  Permian  series  is  not  separable  from 
the  Triassic  by  any  marked  unconformability,  yet  it  is  evident, 
Mr.  Cummins  remarks,  that  there  was  not  continuous  sedimenU- 
tion  between  the  two. 

3.  Preliminary  Notice  of  a  Nev>  Yttrium-Silicate ;  by  W. 
E.  HntuEX.  (Communicated). — Associated  with  the  huge  crys- 
tals of  gadollnite,  with  yttrlalito  and  the  other  yttrium  minerals, 
fuiiiiil  in  Llano  County,  Texasi,  two  years  ago,  I  liQVi 
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mula  would  then  be  3  SiO,,  2R,0,  or  of  a  mineral  quite  distinct 
from  the  gadolinite  and  yttrialite  with  which  it  is  found  asso- 
ciated. For  this  silicate  so  remarkably  rich  in  yttria,  I  propose 
the  name  of  Rowlandite,  after  Professor  Henry  A.  Rowland, 
whose  spectrographic  work  on  the  so-called  "rare-earths"  is  so 
novel  and  important.  As  opportunity  offers  a  more  extended 
description  will  be  given  of  this  very  interesting  new  species. 

4.  Anatasefrom  the  Ariwn  Slate  Quarries,  Buckingfiani  Co., 
Vd,;  by  George  H.  Williams  (communicated). — The  rarity 
of  American  localities  for  anatase  is  a  sufficient  warrant  for 
recording  a  recent  discovery  of  this  mineral  in  its  original  posi- 
tion, made  by  the  writer  during  June  last.  In  the  course  of  a 
trip  through  central  Virginia  occasion  was  taken  to  visit  the 
State  quarries  five  miles  south  of  Breino  Bluffs  on  the  James 
River  railroad  in  Buckingham  County.  The  largest  of  these 
quarries,  belonging  to  the  Williams  I3rotliers,  is  situated  at  the 
terminus  of  the  short  branch  railroad,  Arvon  station.  This  con- 
tains the  best  quality  of  slate,  but  it  is  proportionately  devoid  of 
anything  of  mineralogical  interest.  About  a  mile  west  of  this 
place,  however,  where  the  slate  of  this  district  was  first  opened 
in  what  is  now  known  as  the  Robert's  quarry,  the  cleavage  is 
less  perfect  and  regular,  while  cross  joints  are  of  frequent  occur- 
rence. These  irregularities,  which  detract  so  seriously  from  the 
economic  value  of  the  slate,  make  this  quarry  more  interesting 
than  the  other  to  the  geologist  and  mineralogist.  Here  beauti- 
fully crinkled  varieties  of  slate  occur,  and  one  regularly  mottled 
sort  is  quite  abundant,  which  in  the  field  was  surmised  to  contain 
ottrelite,  but  was  found  on  more  careful  examination  to  owe  its 
knots  ("knoten")  to  small  rhombohedrons  of  some  carbonate 
which  is  but  feebly  transparent  on  account  of  the  great  number 
of  inclusions,  probably  of  carbonaceous  matter,  which  it  con- 
tains. Huge  blocks  of  this  imperfect  or  "  bastard  slate "  have 
been  thrown  aside  as  worthless,  and  it  was  on  the  end  of  one  of 
these,  cut  off  very  evenly  at  right  angles  to  the  cleavage  by  a 
cross  joint,  that  the  anatase  crystals  were  found. 

The  surface  presented  by  this  joint  plane  was  of  large  size  and 
was  completely  covered  with  small  quartz  crystals,  among  which 
were  scattered  minute  individuals  of  pyrite  and  the  anatase.  The 
latter  was  fairly  abundant  and  closely  resembles  the  black, 
metallic,  steep  pyramidal  variety,  so  well  known  from  the 
Tavetsch  valley  in  Switzerland.  Hardly  any  crystals  were 
noticed  over  a  millimeter  in  length,  while  most  were  less  than 
this.  No  forms  except  the  unit  pyramid,  1  (111),  and  the  base, 
0  (001),  were  observed.  The  pyramidal  faces  are  horizontally 
striated  and  often  built  up  into  little  flights  of  steps  by  an  oscil- 
latory combination,  as  is  so  frequently  the  case  with  the  Swiss 
crystals.  The  faces  have  a  high  metallic  luster  but  are  broken 
by  growth,  irregularities,  and  vicinal  planes,  which  makes  the 
reflected  images  multiple  and  the  measurements  unsatisfactory. 
The  best  crystal  gave  : 


482  Scientific  InteUigenee. 

(Ill)  r  (111)        98°    7'  97*  Bl' (mIc.  T.  Koic.) 

(Ill)  :  (001)      111°  36'        111°«' 
(111)  :  (III)       136*  20'        136°  36' 

The  smaller  crystals  when  placed  tinder  the  microscope  an 
found  to  be  translucent  with  a  rather  pale  yellow  color,  metatlic 
lustre,  and  high  refractive  index.  These  show  parallel  extinction 
and  a  uniaxial  tigaro. 

I  am  indebted  to  my  friend,  Prof.  W.  G.  Brown  of  Washington 
and  Lee  University,  for  chemicallyexamining  one  of  the  crystiU, 
which  he  found  to  be  composed  largely  of  titanic  oxide. 

Baltimore,  Aug.,  isai. 

6.  Ilvaite  ;  by  G.  Ch.  IIokfmans  (comnmnicated). — Several 
specimens  of  what  proved  to  be  the  rare  mineral,  ilvaite,  were 
received  for  identification  from  a  gentleman  who  described  it  u 
occurring  in  large  irregular  masses  in  a  vein  about  twenty  feel 
wide,  near  the  head  of  Barclay  Sound,  Vancouver  Island,  British 
Columbia.  Portions  of  the  material  were  fairly  free  from  for- 
eign admixture  containing  only  small  quantities  of  a  white  trans- 
lucent, cleavable  calcite,  this,  however,  was  in  some  fragmeota 
supplemented  by  inclusions  of  altered  tremolite,  and  in  others  hj 
a  brownish-yellow  andradite.  It  had  a  more  or  less  closely  com- 
pacted crystalline  structure.  The  lateral  faces  of  crystals  were 
not  infrequently  striated  longitudinally,  and  sometimes  exhibit^] 
a  alight  iridescent  tarnish.  Color,  iron-black  ;  streak,  greenish- 
black  ;  luster,  sub-metallic,  brittle ;  fracture,  nneveo.  Before 
the  blow-nipe  fuses  quietly  al  about  2-5  to  a  blact  magneiir 
globule.  HardnesH,  55  ;  specific  gravity,  3-S5.  Readily  decom- 
posed by  hydrochloric  aoid,  forming  a  yellow  jelly. 

An  analysis  conducted  upon  very  carefully  selected  and  pre- 
pared material,  dried  at  100°  C,  afforded  the  following  results: 
AliQ,        Fci,Q,  FeQ  MaO         CaO         MgO 
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7.  Brief  notices  of  some  recently  described  minerals. — Brand- 
TiTE.  A  hydrous  arsenate  of  manganese  and  calcium,  formula 
Ca,MnA8,Og4-2H,0,  found  at  the  Flarstiff  mine,  near  Pajsberg, 
Sweden.  It  is  analogous  to  roselite  and  fairfieldite  in  composition 
and  closely  similar  to  the  former  species  in  its  triclinic  crystals. 
The  color  is  white  with  vitreous  luster,  hardness  =5-5 '6  ;  sp. 
gravity  =3*671.     An  analysis  gave  : 

Ab,0,    P,05      MnO       CaO       PbO      FeO     MgO       CI        H3O    insol. 

60-48       005       1403      2507      096      005      0  90      0-04       809      0  04=99-71 

Named  by  Nordenskiold  and  later  described  by  Lindstrom. —  (?. 
I^r,  FOrh,,  xiii,  123,  1891. 

GAjfOPiiYLLiTE. — A  hydrous  silicate  of  alumina  and  manganese 
from  the  Harstig  mine,  Sweden.  It  occurs  in  monoclinic  crys- 
tals with  perfect  basal  cleavage.  The  color  is  brown  ;  hardness 
=4—4*5  ;  sp.  grav.  =2*84.     An  analysis  gave  : 

aO,       A1,0,    Fe,0,     MnO      CaO      MgO     PbO?    K-jO     NaaO    H,0 

39-67       7-95       090       35  15       111       020       020      270      218      979  =  99-85 

The  formula  calculated  is  VMnO .  Al^O, .  SSiO, .  6ll,0  ;  the  author, 
A.  Hamberg,  proposes  to  include  it  among  the  zeolites. —  G,  FOr. 
Fbrh.^  xii,  686,  1890. 

Pyrophanite. — A  manganese  titanate,  MnTiO,,  like  the  pre- 
ceding species  Irom  the  Harstig  mine.  It  occurs  in  rhombohe- 
dral   crystals   isomorphous    with    hematite   and  ilmenite  and  is 

Crobably  tetartohedral  like  the  latter  species.     The  color  is  deep 
lood-red  ;  hardness  =5  ;  sp.  grav.  =4*537.     An  analysis  gave  : 
RO«  60-49        MnO  4692         Fe,0,  116        Sb^O,  0-48        SiO,  158  =  100-63 

Also  described  by  Hamberg,  ibid. 

OFFRfexiTE. — A  new  zeolite  near  phillipsite  in  composition, 
from  Mt.  Simionse,  Montbrison,  France.  It  occurs  in  white 
hexagonal  crystals  with  sp.  grav.  =2-13.     An  analysis  gave  : 

SiOa  52  47         AUO,   1906  CaO  243         K^O  772  IlaO  18-90  =  100-68 

Described  by  F.  Gonnard,  C.  Ji.,  cxi,  1002,  1890. 

KAiiLiLiTK. — A  nickel  ore  from  the  Friedrich  mine  near  Schon- 
fltein  a.  d.  Sieg.  It  occurs  in  massive  form  with  a  light  bluish 
^ay  color.     Analysis  gave  : 

S  Sb  Aa  Bi  Ni  Fe  Co 

14-39         44-94         202         11-76         26-94         027         089  =  101-21 

This  corresponds  essentially  to  NiSbS.  Described  by  Laspeyres, 
Zs.  Krystj  xix,  12,  1891. 

Sychnodymite. — A  cobalt  ore  also  described    by  Laspeyres 

}!•  c,  p.  17)  from  the  Kohlenbach  mine  at  Eiserfeld  near  Siegen. 
t  oc<;ur8  in  isometric  crystals  of  a  dark  steel-gray  color.    Analy- 
sis gave : 

S  40-33  Cu  17-23  Co  3564  Ni  574  Fe  0*82  =  9976 

This  corresponds  to  (Co,  Cu,  Ni)^S^,  like  polydymite. 

Umaxgite. — A  selenide  of  copper  occurring  with  eucairite  in 
the  Sierra  de  Umango,  Argentine  Republic.  It  occurs  in  fine 
granular  massive  forms,  with  metallic  luster,  dark  cherry-red 
color ;  hardness  =3  ;  sp.  grav.  =5-620.     Analysis  gave  : 
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Se  36-13  Cu  44-27  Ag  0-45  Fe  0-|6 

The  calculated  analvsis  is  Cu^Se,.  Described  by  F.  Kloct- 
maun,  Za.  KrysL,  xix,  28fl.  1891. 

Antleritk. — A  basic  sulphate  of  copper  of  n  light  green  color, 
occiirriog  in  massive  form  at  the  Auller  mine,  Yucca  Slatioo, 
Mohave  Co.,  Arizona,  After  deducting  (J  to  S  p.  c.  gan^e,  ibe 
mean  of  two  analyses  gave  : 

SO,  CuO         ZnO       CaO  H,0 

8p.  grav.  =  3-93        20  98  Bl-Sl  0-16         O'Uri  10-94  =  ](m04 

The  formula  suggested  is  3CuSO, .  70u(OH),.     Deseribed  bv  ff . 
F.  Hillebrand,  Mull.  55,  U.  fi.  G.  Sun:,  p.  54,  1889. 

Plumbofebeitb, — A  mineral  from  the  Jakobsberg  mine,  Sord- 
mark,  Sweden,  occurring  iu  black  cleavable  masses.  Analyrij 
gave : 

F8,0,  PbO  PeO  MiiO  UgO  CaO 

80-38  33'12  lO'GS  220  r95  1-67  =  100 

Described  by  Igclstriim  in  1881,  and  again  in  1891,  Z*.  Krytl., 
six,  16T. 

8.  Cataloffne  of'  Minerals  and  Synonymg^  by  T.  Eglestox, 
378  pp.  8vo.  New  York,  1881  (John  Wiley  A  Sons).— The  mine- 
ral collector,  perplexed  by  the  confusing  multiplicity  of  mineral 
names,  will  tind  much  assistance  from  tbe  present  volume.  It 
gives  a  very  full  alphabetical  list  of  mineral  synonyms  with  ref- 
erences to  the  names  of  the  recognized  species,  under  which  tLer 
are  arranged  chronologically  with  the  author's  name.  This  woti 
is  expanded  from  a  similar  earlier  list,  which  appeared  aa  Bulle- 
tin 33.  of  the  U.  S.  National  Museum  (noticed  iu  this  Jonmil. 
xsxviii,  494,  1889). 

III.  Botany. 
<  mid  Jiotatiiciil  Gardens  i 
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along  the  coast  of  Queensland,  giving  opportunity  for  a  hasty 
glance  at  the  natural  features,  while  in  the  second  place,  the 
waters  through  which  one  sails,  are  protected  by  the  long  barrier 
reef.  These  coral  reefs  extend  from  24°  30'  south  latitude  as  far 
as  Torres  Straits  at  the  North,  in  latitude  10°.  The  distance 
between  the  irregular  reef  and  the  shore  varies  greatly,  being  in 
«onie  places  about  one  hundred  miles,  in  others  less  than  ten 
miles.  For  a  good  part  of  the  voyage  near- the  upper  extremity 
of  the  gn':it  York  peninsula,  the  shore  is  plainly  in  sight,  while 
on  the  other  side  of  the  ship  one  can  see  the  low-lying  islands  of 
the  liarrier  Reef.  The  whole  distance  from  Brisbane  to  Thurs- 
day Island,  14M0  miles,  is  under  the  direction  of  coast  pilots. 

^he  voyage  at  this  j)art  is  almost  like  a  sail  along  the  banks  of 
a  wide  river.  The  shore  is  frc(piently  fringed  by  mangroves, 
while  on  the  higher  land  the  trojiical  trees  are  thickly  crowded. 
For  considerable  distances,  the  steamer  keeps  so  close  to  the 
shore,  that  one  can  discern  the  habit  of  the  larger  trees.  At  cer- 
tain straits  one  can  see  distinctly  even  the  hills  of  the  white  ants, 
and  the  forms  of  the  lower  shrubs. 

It  is  impossible  to  forget,  as  one  sails  along  this  coast,  how 
do.sely  every  ])art  is  connected  with  the  discoveries  of  Capt. 
James  Cook.  The  names  of  some  of  the  headlands  and  bays 
bear  witness  to  the  arduous  efforts  of  this  intrepid  navigator, 
and  serve  as  the  lasting  memorials  of  the  perils  and  adventures 
of  Cook's  "  first  voyage."  Among  these  names  are  :  Weary 
Bay,  Cape  Flattery,  Cape  Tribulation,  Repulse  Island,  and  so 
on  ;  together  with  many  which  simply  note  the  dates  on  which 
the  places  were  touched  during  the  voyage,  such  as  Whitsunday 
Passage,  Pentecost  Island,  Wednesday  Island,  Thursday  Island. 
The  place  last  named  has  the  safest  harbor  in  the  region.  It  is 
at  this  point  that  the  coast  })ilot  relinquishes  his  charge  to  the 
captain. 

At  Thursday  Island,  our  ship  was  placed  in  quarantine,  owing 
to  a  case  of  supposed  scarlatina.  This  disease  had  been  epidemic 
at  our  port  of  departure,  1  Brisbane,  and  a  single  slight  case  on 
board  appeared  to  justify  the  health  officer  of  the  port  in  preventing 
any  of  the  ])assfngers  from  landing.  Therefore  we  remained 
nearly  a  day  in  sight  of  an  interesting  shore,  with  no  opportunity 
to  visit  it  or  receive  collections  from  it. 

The  passage  through  Torres  Straits  is  considered  one  of  the 
most  dangerous  bits  of  navigation  in  the  world,  owing  to  the 
presence  of  numerous  small  islands  and  hidden  reefs,  with  cur- 
rents which  are  as  yet  not  fully  understood.  It  was  at  this  place 
that  the  *'  Quetta  "  sank  just  one  year  before  we  passed  the  spot ; 
her  commander  was  in  charge  of  our  own  steamer  and  gave  us 
harrowing  details  of  that  disaster. 

At  Torres  Straits  we  were  only  a  few  miles  from  the  southern 
part  of  New  Guinea,  but  we  passed  it  at  night  and  did  not  catch 
a  sight  of  land.  The  first  land  sighted,  but  still  at  a  considerable 
diBtance,  was  Timor  Laut,  after  we  had  traversed   the  Arafura 


486  Scientific  InteUigenee. 

Sea.  Many  of  the  larger  islands  in  the  lower  part  of  the  Budi 
and  FloreB  seas  are  seen  plaialy,  the  steamer  often  going  near 
enough  to  enable  passengers  to  make  out  points  of  int«reit  on 
land.  Every  facility  was  afforded  me  for  securing  photognphs 
of  this  region.  Some  of  the  views  are  fairly  satisfactory. 
Sumhawa,  Lombok,  liali  and  Madura,  are  among  the  vivid  recol- 
lectioHB  of  this  portion  of  the  voyage.  The  volcanic  character 
of  the  commanding  mountains  which,  with  their  outlying  flanlu, 
make  up  the  islands,  is  impressed  upon  every  feature  of  the 
sceneiy.  The  same  is  true  of  the  long  island  of  Java  which  we 
skirted  on  its  northern  side. 

At  Tanjong  Priok,  Java,  the  harbor  of  Batavia,  we  were  every- 
where surrounded  by  tropical  vegetation.  AH  the  laud  there  liea 
very  low,  and  has  a  bad  reputation  on  account  of  the  fevera 
prevalent  at  the  coaling  station.  Passengers  make  their  wa?, 
past  very  considerate  custom-house  officials,  to  the  train  in  wait- 
ing, and  thence  over  a  level  plain,  to  Batavia,  a  few  miles  away. 
The  city  of  Batavia  is  full  of  interest  to  a  naturalist,  but  the 
attractions  at  points  farther  up  the  railroad  leave  but  svaot  time 
for  the  city. 

Mv  objective  point  was,  of  course,  Buitenzorg,  the  locality  of 
the  famous  garden.  For  a  good  many  years,  accounts  by  friends 
in  Holland  had  led  me  to  form  high  expectations  with  i^^ard  to 
this  Javan  garden.  I  may  say  that  in  no  respect  were  these  ei- 
pcctations  unrealized.  It  is  impossible,  as  I  have  said  in  a  former 
paper,  to  compare  the  garden  at  P^r&deniya,  in  Ceylon,  with  this 
in  Buitenzorg,  although  tln'y  brl.iris,'  (n  lln-  same-  dass.  T^o  intrl- 
ligent  visitor  can  fail  to  l.ie  irratificil  by  )hi.^se  gliin|>sfs  of  bpII- 
arranged  tropical  vegetation  :  if  the  traveler  can  take  into  his 
tour  both  of  the  gardens,  by  all  means  let  him  do  so  ;  but  lei  bini 
not  fail  to  go  out  of  his  way  to  see  at  least  one  of  them. 

Etyniologically,  EuiteUKorg  is  almost  the  exact  eiiuivali 
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logic  study,  and  the  government  has  given  him  adequate  support. 
In  his  admirable  laboratories,  students  can  find  every  appliance 
for  their  investigations.  The  AnnaU  of  the  Botanic  Garden  at 
JSuitemorg  show  how  well  these  advantages  have  already  been 
improved.  Dr.  Treub  authorizes  me  to  state  to  American  stu- 
dents of  Botany,  that  he  would  be  happy  to  communicate  with 
any  who  are  prepared  to  imdertake  special  investigations.  Ar- 
rangements are  now  in  progress  at  Cambridge,  by  which  it  may 
be  possible  for  one  American  student  of  Botany  to  be  supported  in 
Buitenzorg,  for  a  term  of  one  year  :  it  is  among  the  possibilities 
that  a  fund  may  be  obtained  by  which  such  an  subvention  may  be 
made  permanent,  and  that  American  botanists  may  have  this  privi- 
lege of  examining  tropical  plants  under  the  most  favorable  condi- 
tions. It  is  not  amiss  to  say  in  connection  with  this  subject  thjit 
the  climate  of  Buitenzorg  is  healthy  and  agreeable,  and  also  that 
the  surroundings  are  exceedingly  interesting  in  numerous  ways. 

On  a  contiguous  mountain,  the  garden  supports  an  annex.  Here 
are  cultivated  the  plants  which  are  impatient  of  the  temperature 
of  Buitenzorg.  Experiments  in  acclimatization  can  be  carried  on 
in  both  places.  Not  very  far  away  from  the  the  main  garden, 
are  the  economic  grounds,  and  in  these  are  the  laboratories  re- 
cently established  to  supplement  those  at  the  main  garden.  The 
products  of  useful  plants  can  here  be  examined  chemically  and 
physically,  by  the  side  of  the  plants  which  produce  them.  The 
suites  of  varieties  under  cultivation  are  very  large,  and  constantly 
receive  additions  from  other  tropical  regions. 

It  is  needless  to  say  that  the  region  lying  to  the  east  of  Buiten- 
zorg, the  hill  country,  with  its  ruined  temples  and  with  its  active 
volcanoes,  ranks  among  the  most  interesting  places  in  the  world, 
whether  regarded  from  an  ethnological  or  a  geological  point  of 
view. 

The  voyage  from  Bataviato  Singapore,  880  miles,  takes  one  past 
the  island  of  Banca  and  close  by  Sumatra,  but  the  vegetation  cannot 
be  made  out  clearly  except  at  one  or  two  points. 

The  garden  at  Singapore,  under  the  direction  of  Mr.  Ridley,  is 
very  attractive.  The  plants  are  in  good  condition  and  everything 
is  kept  up  to  a  high  standard  of  cfliciency.  Here  also  there  is  an 
experimental  garden  filled  with  useful  plants  in  great  variety. 
Mr.  Ridley  has  wisely  left  one  part  of  his  .garden  in  its  wild 
state.  In  this  bit  of  untouched  jungle,  uninvaded  by  even  a  single 
foreign  plant,  except  at  the  border,  one  can  see  many  of  the  trop- 
ical plants  in  the  thickest  of  their  unrelenting  struggle  for  exist- 
ence. With  creepers  sw«aying  from  the  lofty  tropical  trees,  inter- 
twined in  confused  tangles  ;  with  pitcher-plants  at  one's  side  and 
under  foot ;  with  the  chatter  of  monkeys  overhead,  and  the  cries  of 
the  startled  birds  all  around,  one  can  appreciate  the  endless  variety 
of  organisms  in  favored  regions  in  the  tropics.  The  Malaccan 
garden  which  lies  a  short  distance  to  the  north  of  Singapore  I  did 
not  have  time  to  visit. 

The  last  of  the  tropical  gardens  seen  by  me  on  the  present 
journey  was  in  French  China,  at  the  city  of  Saigon.     Everything 
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liere  was  frightfully  dry  after  a  oomparatively  rainiesB  season,  bnt 
strennoiis  efforts  were  being  made  to  renovate  the  grounds  before 
the  arrival  of  the  RusHian  Crown  Prince.  The  grounds  appean^l 
to  have  been  given  up  almost  an  much  to  an  attempt  to  make  a 
Zoological  Garden  as  a  Botanical  one,  but  many  of  the  animal:- 
had  been  temporarily  carried  to  another  place,  and  the  dinplay  was 
very  meagre.  The  plants  were  mostly  young  and  although  verv 
intcresting,  posaessod  no  features  worthy  of  special  remart.  ThV 
)«ii)>ply  of  water  for  the  garden  at  Saigon  did  not  seem  copious 
or  good.  Under  such  circumstahces,  it  must  bu  a  discouraging 
task  to  organi/.e  a  botanic  garden.  At  the  time  of  niT  visit,  tiie 
directorship  was  vacant,  and  the  grounds  were  in  charge  "f  a 
foreman.  The  gardens  are  here,  as  in  other  tropical  ports,  aw 
of  the  principal  attractions  for  tlio  steamship  passengers  and  for 
the  townspeople.  This  fact  leads  the  directors  to  make  the 
grounds  as  attractive  as  possible  from  a  scenic  point  of  vii'H', 
without  injuring  them  for  the  purposes  for  which  they  arr 
primarily  designed. 

Hong  Kong  has  a  very  charming  park  which  may  also  rank  a* 
a  Uotanic  C-iardcn.  It  is  lieautifuilv.  laid  out  on  a  very  irresular 
hill  or  series  of  slojjes.  MsiTiy  of  the  specimen  trees  are  in 
excellent  condition,  and  all  of  them  are  effectively  grouped. 

The  small  parks  at  Shanghai  cannot  in  their  present  conilitino 
be  regarded  as  gardens.  The  climate  favors  the  growth  of  warm 
temperate  )>lants,  and  these,  as  cultivated  in  the  private  ganlens 
of  the  (.'hina  coast,  are  said  to  he  among  the  moat  interesting  t?i- 
aniples  of  ChineR'  horticultural  work  accessible  to  visitors.  Time 
did  not  permit  me  to  examine  any  of  them.  g.  l.  G. 

IV.   Miscellaneous  Scientific  Intellioenck. 

1.   Lei'hj  M'lmorial  Jfo^ruw-.—M  a  memorial   to  the  late  Or. 
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Art.  XL VII. — On  PereivaVs  map  of  the  Jura-Trias  traf- 
belts  of  Central  Connecticut^  with  ohscrvations  on  the  up- 
turnifigy  or  mo unta in- making  disturbance^  of  the  Forma- 
tion ;  by  James  D.  Dana.     With  a  map.     Plate  XVI. 

In  my  paper  on  the  features  of  non-v^olcanie  igneous  ejec- 
tions as  illustrated  in  the  Four  *' Rocks"  of  the  New  Haven 
region  at  page  79  of  this  volume,  the  resemblances  in  general 
stracture  and  system  of  arrangement  between  the  West  Rock 
trap-ridge  and  the  other  trap-ridges  of  the  Jura-Trias  in  the 
Connecticut  valley  are  referred  to  as  evidence  of  oneness  in 
method  of  origin ;  and  also  of  oneness  in  time  of  origin, 
whether  before  or  after  the  upturning  of  the  sandstone,  the 
great  mountain-making  event  of  the  valley.  This  evidence — 
now  contested  though  formerly  considered  conclusive — cannot 
be  fully  appreciatecl  without  a  knowledge  of  the  general  ar- 
rangement of  the  trap-belts  of  the  valley.  Happily,  we  have 
an  excellent  map  of  these  belts  in  PercivaFs  geological  chart, 
published  in  his  Report  of  1842  on  the  Geology  of  the  State 
of  Connecticut.* 

*  An  octavo  volume  of  49(>  pages,  with  a  folded  geological  chart  of  the  State. 

Jamea  G.  E*ercival,  born  and  brought  up  in  the  towuship  of  Berlin,  southwest 
of  Hartford,  was  early  familiar  with  all  ttie  intricacies  of  that  knotty  region  of 
trap-belts.  (le  became  a  great  scholar  in  all  the  learuing  of  the  day — an  excel- 
lent mathematician,  a  professor  of  chomistry  in  1S.'4,  a  learned  linguist  and  phi- 
lologist, one  of  the  best  of  geographers;  and  in  all  deparhnents  he  was  an  acute 
and  thorough  student  and  observer.  Along  with  this  he  had  a  wonderfully  good 
eye  for  topography,  and  a  memory  which  retained  all  the  facts  that  ever  en- 
tered it.  Xearly  all  the  money  he  received  went  for  the  purchase  of  books,  and 
he  thus  acquired  a  very  valuable  library  at  the  expense  of  poverty  to  himself.     At 
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The  Mup :  some  of  the  Features  of  the  area,  and  facU  con- 
nected with  its  Smtthern  (ermination. 

As  Percival'e  Report  is  little  known  among  geologists  I  in- 
troduce a  plioto-eng raved  copy  of  the  middle  portion  of  his 
chart,  which  includes  the  larger  part  of  the  Jnra-Trias  arra. 
along  with  borders  of  the  euetern  and  western  inetamorpliir 
regions  of  the  State.     It  makes  Plate  XA'I. 

The  Jura-Trias  area,  or  that  of  the  Connecticut  valley  sand- 
etone,  is  the  colored  portion.  The  length  from  the  Sound  to 
the  northern  limit,  3  miles  north  of  Hartford,  is  atM>ut  371 
miles.  It  contains  all  of  the  more  complicated  jrortiou  of  the 
trap-region  of  Connecticut,  the  part  omitted  haviog  only  the 
continnation  of  the  two  western  belta  and  another  smaller  on 
the  western  margin  of  the  area. 

The  narrow  linear  areas  on  the  map  are  the  trap-belts.  Tiiej 
include,  according  to  Percival,  simple  trap-dikes  and  dikes 
with  (iiitfliiwB  between  layers  of  eandstone.  The  breaks  in 
the  trap  belt  of  a  range  generally  correspond  to  actual  interrih 
in  the  extrusions  of  trap.  But  in  some  casee,  as  in  the  bodv 
of  Mt.  Carmel,  tbey  indicate  only  abrupt  depressions  in  the 
ridge,  Percival  appearing  to  regard  them  as  a  conseqnence  of 
partial  interruptions  in  the  outflow;  and  in  the  eonthem  end 
of  West  Rock,  where  the  bay  of  sandstone  just  north  (Plate  \^) 
evidently  suggested  a  similar  supposition. 

About  New  Haven  the  figures  1,  2,  3,  4,  mark  snccessi»elT 
East  Rock,  Mill  Rock,  Pine  Rock  and  the  West  Rock  Bidee. 
The  long  southern  part  of  the  latter  is  lettered  W  S  I,  and  u» 
northern  WS  1 1.  North  of  North  Haven  at  6  ie  Mt.  Carmel. 
In  the  northern  part  of  the  town  of  Meriden  are  the  "  Haui^ng 
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idfije  (Pond  ridge,  of  Percival)  on  the  west  side  of  Saltonstall 
jake.  To  the  north  of  this  ridge,  and  a  little  to  the  eastward, 
8  another  bow-shaped  ridge,  the  Totoket;  and  the  line  of 
hese  two  ridges  is  continued  northward  by  other  high  trap- 
idges,  extending  along  the  western  bordei's  of  the  townships 
rf  Dnrhani  and  Middletown  and  beyond  toward  Hartford. 

In  the  metamorphic  region,  outside  of  the  Jura  Trias,  there 
ire  two  dikes,  one  on  the  east,  and  another  on  the  west.  They 
ire  referred  by  Percival  rightly  to  the  same  system  as  those 
«rithin  the  area.  That  on  the  west  is  the  "Buttress  Dike"  in 
ts  course  through  Woodbridge  and  Orange,  lettered  W.  1. 
The  eastern  one  <?ommeiiees  in  Branford  and  is  continued 
ihrough  North  Branford,  \vherc  it  is  lettered  8  E.  1.,  and 
lortlieastward,  us  mapped  by  Percival,  to  the  Massachusetts 
iDe. 

The  large  river  in  the  northeast  corner  of  the  map  is  the 
Donnecticut.  At  Hartford  its  course  becomes  changed  from 
K>nth-by-we8t  to  south  ;  and  at  Middletown  it  leaves  the  Jura- 
Frias  area  and  goes  off  southeastward  to  the  Sound,  the  waters 
aaving  been  forced  from  their  former  course  by  the  barrier  to 
the  west  made  of  belts  of  trap  and  adjoining  hard  sandstone — an 
)vent  which  took  place  whenever  this  trap  region  was  raised 
il>ove  the  sea-level.  The  valley  lying  to  the  west  of  the  Mt. 
rem  trap-range  contains  to  the  north  the  large  bend  of  the 
Farmington  River;  the  left  side  of  the  bend  received  waters 
from  the  northwest,  the  right  continues  the  flow  northeastward 
to  the  (yonnecticut.  South  of  this  there  are  the  head-waters  of 
the  Quinnipiac,  and  still  farther  south,  Neck  River,  the  stream 
also  called  Mill  River. 

The  southern  end  of  the  area,  as  is  shown  on  the  map,  nar- 
rows rather  abruptly,  owing  mainly  to  the  bending  westward 
of  the  eastern  side.  While  the  width  is  eighteen  miles  in  the 
latitude  of  Middletown,  it  is  hardlv  two  at  the  entrance  to 
New  Haven  Bay,  the  southern  end  of  the  Jura-Trias  estuary. 
The  granitoid  gneiss  of  the  eastern  shore  and  of  Light  House 
Ledge  extends  to  within  two  miles  of  the  slaty  rocks  (chloritic 
hydromica  schist)  of  the  western  cape,  or  Savin  Rock  ;*  and  as 
the  depth  off  the  latter  cape  is  but  a  few  feet  and  over  sanfls 
for  a  long  distance  out,  the  actual  width  of  the  interval  may 
not  be  more  than  a  mile  and  a  half.  The  outline  on  the  east 
is  followed  closely  by  the  easternmost  trap-dike,  showing,  ap- 
parently, that  the  narrowing  is  a  fundamental  feature  of  the 

*  The  granite  and  gneiss  of  tho  eastern  Cnpe  are  probably  Archaean,  and  the 
hydromica  schist  of  the  western  side  with  tho  feebly  crystaUiue  limestone  which 
oocurs  in  it,  and  with  other  schists  to  the  west,  may  be  early  Paleozoic. 
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area,  and  not  one  due  to  a  subsequent  uplifting  of  tlie  eoast- 
region  and  its  denndation.  This  narrow  channel  at  the  end  is 
the  more  remarkable  in  view  of  the  fact  that  only  live  miles 
nortli  of  the  outcropping  grauite  of  the  shore,  the  sandstone, 
— as  the  recent  condition  of  the  boring  at  the  Winchester  Re- 
peating Arms  Factory  shows^-extends  to  a  depth  below  the 
sea-level  of  at  least  iJ,100  feet.  Tlie  raetamorphic  rocks  of  the 
hills  to  the  west  are  only  two  miles  distant,  and  hence  that  ^ide 
of  the  trough  lias  a  mean  piteli  of  1  :  SJ,  or  about  17^  degrets, 
but  much  larger  than  this,  probably  in  the  western  or  outer  of 
the  two  miles,  and  smaller  in  the  inner.  The  southern  extrem- 
ity of  the  Jura-Trias  trough  or  geosyncline  has,  hence,  wme- 
thing  of  the  Bha]xs  of  the  prow  end  of  a  boat 

These  facts  seem  to  prove  that  the  Jura-Trias  trough,  or  at 
least  its  lower  3,100  feet,  did  not  extend  out  into  the  Sound 
hut  had  its  termination  in  what  is  now  New  Haven  Bay. 

For  explanations  of  the  lettering  on  Pereival's  map  and 
other  details,  reference  must  be  had  to  his  Geological  Eeport, 
Tlie  scale  of  the  ma])  is  nine-tenths  of  an  inch  to  five  miles. 

The  iiplifts,  whether  before  or  after  thg  trap  ejections. 

lathe  West  Rock  trai)-r.vnge  in  which  the  uplifting precedetl 
bej'ond  qnestion  the  ernption,  typical  for  all  the  Dorth-and-soutli 
trap-ranges';  The  form  of  the  trap-lwlt  on  the  map  is  strife- 
ingly  like  that  of  other  trap-ranges  in  the  valley,  in  the  little 
width  of  its  outcrop,  in  the  composite  character  of  the  belt,  in 
its  hooked  extremity,  in  the  curvature  and  overlapping  featnn! 
of  the  parts,  and  in  its  gradual  disappearance  seventeen  miles 
to   tlie  liurth    just  west  of    where   ariotlifi-   t:r<tatei-    nui^t- — iL'.' 
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A^iD,  Dr.  Hovey  has  proved  that  the  first  trap-belt  east  of 
the  Saltonstall  belt,  just  across  the  lake,  is  a  dike.  It  is  shown 
by  the  hard-baked  condition  of  the  sandstone  on  its  east  side. 
He  infers  also  that  it  was  subsequent  in  origin  to  the  Saltonstall 
belt,  since  the  overlying  sandstone  contains  stones  of  vesicular 
trap  which  were  derived  with  little  doubt,  like  those  of  the  Jura- 
Trias  bowlder-conglomerate  south  of  the  northeastern  extrem- 
ity, from  this  northeastern  extremity.  The  position  of  the  hills 
of  bowlder- conglomerate  is  shown  on  the  map  (Plate  XVI). 

Further  the  bow  shaped  form  of  Saltonstall  ridge  is  repeated 
almost  exactly  in  the  larger  ridge  next  north,  the  Totoket,  and 
hence  whatever  is  true  of  one  as  to  origin  is  pretty  certain 
to  be  true  of  the  other.  And  what  then  of  the  other  ridges 
farther  north  in  the  same  line  i 

We  note  also  that  these  bow-like  shapes,  in  the  trap,  with 
the  dip  of  the  associated  sandstone  on  the  east  side  of  each — as 
observed  by  Professor  Davis,  and  later  for  Saltonstall  ridge  by 
Dr.  Hovev — toward  the  center  of  the  arc,  is  not  the  form  or 
condition  to  be  looked  for  in  regions  of  monoclinal  uplifts. 
The  dip  Is  nearly  ccntroclinal  not  monoclinal. 

The  map  enables  the  reader  to  observe  that  the  facts  here 
cited  favoring  ejection  after  the  upturning,  that  is,  after  the 
great  mountain-making  event  of  the  valley,  are  from  tiie  whole 
width  of  the  southern  end  of  the  Jura-Trias  area ;  and  it  is 
also  seen  that  from  this  end  northward  there  are  suggestive 
facts  bearing  in  the  same  direction.  Still  they  are  not  com- 
plete demonstration  that  this  is  true  for  the  northern  part 
of  tlie  area.  "We  have  to  leave  the  (question  here  until  other 
long  east-and-west  sections  of  north  and-south  trap  ridges  as 
complete  as  that  of  West  Kock  have  been  reported  upon. 

In  the  account  of  the  East  Rock  ridge  (page  98  .of  this 
volume)  the  separation  of  the  Snake  Rock  trap-mass  from  that 
of  East  Rock  and  Indian  Head,  and  the  bow-like  shape  of  the 
latter  with  ccntroclinal  dip  in  this  southeastern  part,  have  been 
attributed  to  the  caving  in  of  the  hanging  wall  of  the  eastward- 
dipping  fissure  that  supplied  the  lava.  It  is  worthy  of  consider- 
ation whether  the  south  end  of  the  Totoket  bow  and  the  north- 
ern of  the  Saltonstall  line  may  not  have  had  a  similar  origin. 

Character  of  the  Movntxtiyi  uplifts  made  at  or  near  the  close 

of  the  Jura- Trias  period. 

Like  the  post-Carboniferous  mountain-uplifts,  the  parallel 
series  made  at  the  close  of  the  Jura-Trias  were  commenced  by 
the  accumulation  of  sediments  in  gradually  deepening  depres- 
sions of  the  earth's  crust,  or  geosynclines ;  but  while  the  era  of 
deposition  in  the  former  ended  in  displacements  producing  great 
flexures  of  the  accumulated  formations  besides  profound  faults, 
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that  of  the  latter  ended  in  prodQcing  monoclinal  uplifts,  and 
also,  it  is  helioved,  great  faults.  Further,  while  the  post-Car- 
boniferous upliftB  of  the  Atlantic  border  include  three  individ- 
ual moun  tain -ranges :  (I)  That  of  the  Appalachian  area  from 
Alabama  to  the  CutRkills,  1500  miles  long;  (2)  That  extending 
from  Newfoundland  southwestward  through  Nova  Scotia,  snd 
probably  to  Rhode  Island,  in  all  1000  miles  long,  and  that  of 
the  Gfispe- Worcester  range,*  the  post- Jura-Trias  system  etn- 
hraced  eight  or  more  individual  ranges,  of  cotemporaneons 
origin,  each  of  the  several  basins  having  been  independent  Id 
its  geoayncline  and  in  its  uplifts. 

Of  the  two  mountain-making  epochs,  only  the  latter  included, 
among  the  events  of  each  mountain-individual,  e.ttensive  ipa- 
ons  eruptions.  Of  the  ejections  in  the  Conneeticnt  Valley, 
those  of  West  Hock  Kidge  and  of  at  least  two  otiiera  in  Ea^i 
Haven  occurred,  in  the  course,  or  near  the  close,  of  the  nioun- 
tain-making  movements.  If  this  proves  to  be  the  time  of  die 
event  in  general  for  the  otlier  trap  ridges  of  the  valley,  then 
all  were  a  result  of,  or  a  sequel  to,  the  movements.  Bat  if,  u 
Professor  W.  M.  Davis  holds,  the  trap  of  most  of  the  rid^ 
originally  alternated  in  sheets  with  horizontal  layers  of  sand- 
stone and  Iwtli  were  uplifted  together  into  monoclines,  tben 
the  ejections  occurred  while  deposition  in  the  geoeyucline 
was  in  slow  and  quiet  progress.  The  decision  of  the  question 
is.  therefore,  one  of  dynamical  importance.  Professor  Davt 
states  that  the  eruptions  had  nothing  to  do  with  the  Dptiim- 
itig,  and  this  is  true  in  either  ease. 


Fault phinen  a/neerned  in  the  uplift. 
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le  side  of  the  direction  of  dip.  In  case  the  compression 
Euried  at  different  depths,  diminishing  downwards,  a  shearing 
)rce  would  be  introduced,  by  which  the  slabs  could  be 
irown  over  past  the  vertical."*  Accordingly,  his  figure  rep- 
3SGnts  the  sandstone  overlying  the  inclined  upper  eiirtaces  of 
le  successive  slabs  or  blocks,  and  jus  derivin^r  iu  this  way  its 
istward  dip.  The  fault- planes,  it  will  be  understood,  are  not 
lose  of  the  fissures  that  supply  the  trap ;  for  in  his  view  the 
•ap  and  sandstone  were  in  alternating  sheets  before  the  up- 
imiug  took  place.  These  fan  It- planes  are  nowhere  open  to 
iew,  and  hence  the  idea  has  not  been  sustained  by  actual 
3mparisons.  It  is  presented  by  Prof.  Davis  simply  as  an 
ypothesis  for  future  consideration. 

Assuming  with  him,  as  we  may  safely,  that  the  dip  of  the 
iult-planes  is  eastward,  I  mentioned  in  my  former  paper  as 
n  exception  to  the  hypothesis,  a  want  of  correspondence  be- 
^een  the  strike  of  the  West  Rock  dike  and  other  dikes  near 
Tew  Haven  and  that  of  the  schists  within  a  mile  to  the  west- 
rard  of  West  Rock,  confining  my  statement  of  facts  to  those 
f  the  New  Haven  region.  This  objection  is  not  quite  appo- 
Lt<5,  since  the  comparison  is  made  with  the  direction  of  trap- 
ikes  and  not  with  the  strike  of  the  sandstone  w4iich  most 
early  represents  that  of  the  fault  planes.  I  now  mention 
ther  facts  bearing  on  the  miestion.  West  of  the  New  Haven 
Bcrion,  along  a  line  through  Orange  and  Birmingham  sixteen 
iiles  long,  there  are  Hve  cluingos  between  eastward  and  west- 
rard  in  the  dip  of  the  metamorphic  schists,  and  in  the  course  of 
lietn  there  are  variations  in  the  dip  from  horizontal  to  vertical. 
"he  last  of  the  five  is  a  case  in  which  a  broad  and  low  anti- 
linal,  consisting  of  coarse  gneiss  and  mica  schist  with  a  bed 
f  crystalline  limestone,  has  the  beds  for  a  long  distance  near- 
f  horizontal.  As  the  mean  width  of  the  »Iura-Trias  area  in 
/Onnecticut  is  twenty  miles,  there  is  therefore  room  for 
qually  large  variations  in  the  di])  of  the  crystalline  schists 
eneath  it.  Again,  in  Berkshire  county,  Massachusetts,  as  well 
B  to  the  north  and  south,  among  the  metamorphic  rocks  of 
be  earlier  Paleozoic,  or  Tacunic,  series,  the  dips  vary  from 
ast  to  west,  and  from  zero  to  90  degrees.  Such  facts,  however 
xeeptional,  make  it  necessary  to  substitute  for  the  expression 
planes  of  foliation,"  that  of  planes  having  the  mean  or  the 
•revailing,  direction  of  the  foliation  ;  for  these  would  be  the 
lanes  of  easiest  cleavage  in  schists  of  great  thickness. 

Again,  as  another  modification  in  the  statement  of  the  hy- 
othesis,  it  appears  necessary  to  make  the  chief  foliation- 
lanes  not  those  of  the  rocks  constituting  the  upper  one,  two 

♦This  Journal,  xxxii,  .349,  188(3.     Sec  also  7th  Annual  Report  of  tbo  Director 
I  the  U.  S.  Geological  Survey. 
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or  three  iiiilee  of  tlie  crust,  bnt  those  below,  where  Arcliaan 
rocks  and  those  subjacent  to  the  Archtean  exist.  For  the  fru- 
tures  were  begnn  below,  and  in  these  nether  rocks  foliation  hib 
probably,  as  a  consequence  of  Archeean  presaui-e  or  teneion, 
much  greater  uniformity  than  in  those  of  the  surface.  Stilt  the 
more  superficial  foliation  would  have  its  influence. 

Again,  thcdirectionofplanesof  fracture,  or  of  faulting,  would 
have  depended  largely  on  the  direction  of  the  lateral  Sinistor 
pressure  in  the  earth's  cruet  producing  the  strain,  whether 
normal  or  obliijue,  t^o  the  plane  of  easiest  cleava^;  an  idea 
which,  uuder  large  extension  has  been  applied  by  the  writerin 
an  explanation  of  the  origin  of  the  courses  in  the  feature-lines 
of  the  globe. 

The  production  of  an  eastward  slope  in  the  upper  surface  of 
the  faulted  blocks  by  compression  and  molecular  transfer, 
suflicient  by  the  hypothesis  to  produce  the  dip  in  the  sand- 
stone, may  be  questioned  ;  and  also  the  view  that  the  horizwi- 
tal  force  concerned  would  make,  in  gneiss,  and  in  other  rocks 
eqnally  firm,  faulting  along  foliation-planes  of  the  high  east- 
ward dip  of  60°  to  80",  instead,  for  the  most  part,  of  fnietnree 
oblique  to  these  planes.  To  obtain  a  dip  of  20°  in  the  top- 
surface  of  the  westernmost  slab  or  block  (and  the  sandstone 
over  it),  the  displacement  a  mile  down  wonid  have  to  amount 
to  1800  feet ;  and  to  render  the  westward  shove  below,  to 
this  distance.  i>ossible,  the  compression  would  have  to  take 
much  from  the  thickness  of  this  western  block  on  its  western 
side,  and  much  from  the  rock  next  west,  a  part  from  each. 
This  would  be  required  whether  the  other  blocks  were  com- 
pi'cssed  or  not.  When  done,  it  would  suflice  to  give  the  same 
dip  tn   the   top-surface  of  all   the  lilocks  in  the  ^e-i'm^  wMXmW 
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I  pass  here  to  an  explanation  of  the  origin  of  the  dip  in 
he  sandstone  which  appears  to  me  to  harmonize  best  with  the 
acts. 

Danbree's  experiments  on  the  effects  of  lateral  pressure,  pub- 
Lshed  in  his  "Geologic  Experimentale "  (and  briefly  presented 
n  my  Manual  of  Geology),  have  appeared  to  me  to  sustain  the 
dea  tliat  the  great  fault  planes  of  the  earth's  crust  made  by 
ateral  pressure  must  be,  as  a  general  rule,  very  oblique.  I 
lave  accordingly  been  led  to  suppose  that  the  fault  planes  in 
;he  case  of  the  Jury-Trias  were  examples,  and  I  have  referred 
n  my  Geology  to  the  dip  of  nearly  45°  in  the  East  Rock  dike 
18  having  this  explanation.  Two,  three  or  more  such  fault- 
planes,  coming  up  from  the  depths  below  and  entering  the 
jeosyncline,  would  have  among  their  effects  :  (1)  the  narrowing 
>f  the  arc  of  the  Connecticut  valley  geanticline ;  (2)  the  forc- 
iiflf  of  the  sandstone  to  accommodate  itself  to  the  diminished 
nndth  through  fractures,  faults  and  displacements;  (8)  the  pro- 
loetion  of  earth-shakings  of  great  violence  which  would  have 
produced  other  fractures  through  the  5000  feet  or  so  of  sand- 
stone and  multitudes  of  pieces  by  minor  fractures.  In  this 
jtate  of  the  sandstone,  the  shoving  of  it  to  the  westward  by  the 
W'estward-and-upward  movement  of  the  faulting  blocks,  would 
nake  monoclines  with  eastward  dips,  and  not  flexures,  because 
the  blocks  into  which  the  formation  had  been  divided  were 
3ach  too  short  for  flexures  and  the  piles  of  layers  would  neces- 
sarily, under  the  circumstances,  become  pushed  up  one  over 
inother.  I  stated  in  my  former  paper  that  slickensided  surfaces 
yi  the  East  Haven  sandstone  covered  blocks  of  all  sizes,  from 
those  no  larger  than  the  hand  to  those  constituting  large  sections 
>f  a  quarry,  and  also  in  some  places  the  upper  and  under  surfaces 
>f  the  layers  of  sandstone  ;  and  this  fact  accords  well  with  the 
ibove  explanation  of  the  method  of  upturning. 

If  this  view  is  the  right  one,  the  westward  dip  of  the  Jura- 
Trias  sandstone  in  Xew  Jersey  and  to  the  south  was  due  to 
fault-planes  having  a  reverse  direction  from  that  in  the  Con- 
aecticut  valley,  that  is,  a  westward  dip.  The  fundamental  fact 
iwaiting  explanation  is  not,  therefore,  the  opposite  directions 
Df  dip  in  the  Connecticut  Valley  and  New  Jersey  sandstone, 
but  tne  opposite  directions  of  fault-planes  in  the  subjacent 
rocks.  The  two  directions  of  strain  appear  to  have  anticlinal 
relations. 

The  above  explanations,  for  the  reasons  already  stated,  have 
no  reference  to  the  origin  of  the  fissures  for  the  trap  ejection. 
If  they  are  mostly  of  later  date  than  the  upturning,  tension 
may  have  had  much  to  do  with  their  production.  In  any  case, 
the  old  fissure,  or  part  of  them,  would  probably  have  again 
been  used. 
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Art.  XLVIII. — The  Detection  and  Determination  of  Pdat- 

nium  Specti-oecopicatly  ;  by  F.  A.  GoocH  and  T.  S.  Hart. 

[ConlributioQS  from  the  Rent  Cliemiml  Laboratory  of  Yale  College — 1.] 

BUNSKN  aiid  Kir3lihoff  originally  determined  the  delicacv  of 
the  speetrosoopie  test  for  potassium  by  exploding  in  a  dark- 
ened room  a  mixtnre  of  potassintn  chlorate  with  milk  su^, 
imd  observing  tlie  amount  of  finely  divided  chloride  which  it 
was  necessary  to  diffuse  throngh  the  given  space  in  order  to  brini; 
oat  unmistakably  the  spectrum  of  the  metal.  These  investiga 
tors  were  able  to  state  that  the  presence  of  no  more  than  yAf 
of  a  mitligi'am  of  tlie  potassium  salt  is  sufficient  to  give  to  the 
Same  the  eharactenstic  spectrum  of  the  element.  By  similar 
metliods,  the  delicacy  of  the  tests  for  lithium  carbonate  and 
sodium  chlorate  were  sliown  to  be  a  thousand  times  and  three 
thousand  times  as  delicate  respectively.  Practically,  the  de- 
tection of  lithium  and  sodium  spectroscopically  is  extrcmelv 
easy  and  satisfactory,  the  only  ditficulty  being  that  the  exceed- 
ing delicacy  of  the  sodium  test,  and  the  itbiquitoDsncfB of 
sodium  salts  often  make  a  decision  doubtful  as  to  whether  that 
element  is  present  essentially  in  the  substance  uoder  examini- 
tion,  or  by  accident.  With  potassium  the  case  is  different,  and 
experience  shows  that,  when  the  test  is  to  be  made  for  very 
small  amounts  of  potassium,  the  simple  method  in  vogue  for 
developing  the  Inmniosityof  lithium  and  sodium — the  dippinjr 
of  a  single  loop  of  platinum  wire  in  the  liquid  or  solid  sub- 
tance,  and  the  placing  of  the  loop  in  the  Bnnsen  flame — fail*. 
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srhile  withdrawing  it.  How  closely  the  capacity  of  such  coils 
nnay  be  adjusted,  and  how  uniformly  they  maj'  be  filled  is 
)hown  in  the  figures  of  the  accompanying  record. 


freight  of  filled  coU. 


it  >( 

i(  i. 


I. 

II. 

III. 

IV. 

V. 

VI. 

irnn. 

yrm. 

grm. 

grm. 

grm. 

griu. 

01 996 

0-2780 

0-2794 

0-2844 

0-S572 

03296 

0-19H6 

0-2780 

0-2794 

0-2845 

0-3571 

0-3296 

0190G 

0-2780 

0-2794 

0-2844 

0-3572 

0-3298 

01 996 

0-2780 

0-2794 

02845 

0-3571 

0-3298 

01996 

02781 

0-2794 

0  2844 

0-3571 

03296 

0-19SG 

0-2760 

02764 

0-2804 

0  3521 

0-3100 

0-0010 

0  00202 

0-0030 

0-00404 

000504 

0-01968 

**     empty  coil . . . 

"    contents  (meaD)  O-OOIO 

It  is  plain  that  we  have  in  these  coils  simple  means  of  taking 
up  known  amounts  of  material  in  solution;  and  by  gentle 
heating  the  liquid  may  be  evaporated  and  the  solid  material  left 
thinly  and  uniformly  spread,  not  easily  detachable^  and  so  in  con- 
dition to  be  acted  upon  with  effect  when  brought  to  the  fiame. 
The  evaporation  may  be  conducted  witii  little  danger  of  loss 
of  material  by  holding  the  handle  of  the  coil  across  the  fiame 
with  the  coil  proper  at  a  safe  distance  outside ;  but  we  have 
generally,  and  preferably,  used  a  hot  radiator  over  which  the 
coils  are  exposed,  the  handles  resting  upon  a  flat  asbestos  ring. 
The  burner  which  we  have  used  in  heating  the  coils  before 
the  spectroscope  is  of  the  Muencke  pattern  and  gives  a  power- 
ful name  3  cm.  wide  at  its  base.  We  have  generally  adjusted 
the  flame  to  a  height  of  20  cm.,  and  have  introduced  the  coil, 
after  thorough  drying,  just  within  the  outer  mantle,  on  the 
side  next  the  8pectroseo|)e,  with  the  axis  transverse  to  the  slit 
of  the  spectroscope  and  the  handle  across  the  body  of  the 
flame.  In  cleaning  the  (foils  we  have  found  it  convenient  to 
heat  them  in  the  flame  of  an  Argand  burner  of  the  Fletcher 
pattern,  beneath  which  is  burned,  in  a  small  lamp,  alcohol  con- 
taining about  a  twentieth  of  its  volume  of  chloroform.  The 
products  of  combustion  of  the  alcohol  and  chloroform  are  con- 
veyed to  the  interior  of  the  flame  a])ove  by  a  glass  funnel 
fitted  by  a  cork  to  the  tube  of  the  Argand  burner.  This 
arrangement  of  apparatus  gives  a  hot  colorless  flame  through 
which  hvdrochloric  acid  is  constant! v  diffused  in  condition  to 
clean  the  wires  completely  and  witliout  atte!)tion.  The  spec- 
.troscope  which  we  have  enij)loyed  is  a  well-made  single  prism 
instrument  provided  with  a  scale,  and  a  movable  observing 
telescope  so  that  different  portions  of  the  spectrum  may  be 
viewed  or  cut  off"  at  will.  The  slit  is  adjustable,  but  for  meas- 
uring its  width  we  have  been  obliged  to  have  recourse  to  the 
device  of  closing  it  upon  wires  of  known  gauge.  Our  work 
has  been  done  in  the  ordinary  diffused  light  of  the  laboratory, 
care  having  been  taken  to  cut  off  from  the  room  direct  sun- 
light only ;  but  in  observing  it  has  been  our  custom  to  shield 
the  eye  in  use  a?  completely  as  possible  with  the  hand  or  with 
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a  dark  liaodkercbief,  and  to  cover  the  eye  not  id  use.  We 
have  found  it  deeirable  to  use  the  scale  of  the  instnimenl, 
illuminated  to  the  lowest  degi-eo  of  visibility,  to  aid  the  eve  in 
placing  barely  visible  lines. 

Upon  experimenting  with  the  apparatna  described,  it  wjs 
found  that  the  largest  coil  used  was  be^t  adapted  to  onr  pnt- 
pose,  and,  aecordingly,  in  ail  the  experiments  made  subse- 
quently, and  recorded  in  the  following  account,  coils  holdlD^ 
X  of  a  gram  of  water,  measnring  2  mm.  in  diameter  bj  1  cm.  ia 
length,  made  of  No.  28  wire  {0'32  mm.  in  diameter),  and  wound 
in  about  thirty  turns,  were  the  ones  employed.  With  thest 
coils  and  the  Harae  adjusted  to  a  height  or  20  cm.  we  have  been 
able  to  recognize  the  presence  of  [wtassinra,  taken  in  the  forn 
of  the  chloride,  in  a  coil-full  of  lirjuid  containing  O'OOOGti  jrm. 
of  the  metal  in  10  cm.',  when  the  stit  had  a  widtu  of  O'lS  inui.; 
and  containing  00005  grm.  in  the  same  volume  of  solntion, 
when  the  slit  was  set  023  mm.  wide.  That  is  to  say,  j-fj[  nag.  of 
potassium  to  the  coil-full  produces  a  line  distinctly  visible  witb 
a  slit  of  048  mm,,  and  -jtVu  mg  with  a  slit  of  0"23  mm.,  and 
it  is  evident  that  this  practical  method  of  producing  Ihe 
spectrum  of  potassium  gives  results  of  a  delicacy  approachiog 
that  indicated  in  the  experiments  of  Eunsen  and  KirchhoE 

These  determinations  were  made  with  pure  potassium  chlo- 
ride carefully  prepared  from  the  chlorate,  bnt  in  practicJ 
analysis  it  almost  always  happens  that  sodinm  is  also  preseat 
Experiments  were  therefore  made  to  determine  the  influence 
varying  amounts  of  the  latter  upon  the  visibility  of  the  poti 
Slum  line.  The  dilution  of  the  potassium  chloride  was  i 
justed  nearly  to  the  last  limit  of  visibility,  so  that  a  C-'il-fall 
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It  is  obvious  from  these  results  that  a  considerable  amount 
if  Bodinm  may  be  present  in  the  flame,  when  the  sodium  line 
9  in  full  view  in  the  spectrum,  and  the  slit  adjusted  to  nearly 
he  lowest  limit  of  visibility  oif  pure  potassium,  without  inter- 
fering with  the  appearance  of  the  potassium  line,  but  that  a 
[uantity  of  sodium  amounting  to  a  hundred  times  that  of  the 
jotassium  is  sufficient  to  entirely  overpower  the  spectrum  of 
lie  potassium.  The  inference  is  plain  that  the  proportion  of 
lodium  to  potassium  should  not  be  permitted  to  reach  100 :  1 
gvhen  it  is  desirable  to  bring  out  the  full  delicacv  of  the  spec- 
bFoecopic  test  with  the  sodium  line  in  the  held  of  view. 
When  too  great  a  proportion  of  sodium  is  present,  its  influ- 
ence may  be  moderated  by  throwing  the  sodium  line  out  of 
view,  if  the  instrument  in  use  possesses  the  necessary  adjust- 
ment ;  otherwise,  it  is  easy  to  effect  a  partial  separation  of  the 
Bodiam  chloride  from  the  potassium  chloride,  before  bringing 
the  solution  to  the  test,  by  precipitating  with  alcohol.  Our 
experience  shows  that  the  delicacy  of  the  test  for  potassium 
is  not  impaired  materially  by  such  treatment  of  the  mixed 
chlorides.  We  found,  for  example,  that  0*0070  grm.  of  potas- 
sinm  chloride  mixed  with  0  5  grm.  of  pure  sodium  chloride, 
dissolved  in  the  least  amount  of  water,  and  extracted  carefullv 
by  about  7  cm.*  of  absolute  alcohol  applied  in  successive  por- 
tions, was  so  completely  retained  in  solution  and  separated 
from  sodium,  that  a  coil  full  taken  from  the  solution  diluted 
to  140  cm.*  gave  the  spectroscopic  test  for  potassium  distinctly 
with  the  slit  at  0*23  mm.  In  this  case,  at  least,  the  treatment 
did  not  diminish  the  delicacy  of  the  test ;  for,  a  coil-full  of 
the  diluted  solution  could  not  have  contained  more  than  po^jnr 
mg.  of  potassium,  if  nothing  had  been  lost.  It  was  found,  in 
like  manner,  that,  by  taking  pains  to  evaporate  the  alcoholic 
extract,  and  to  dissolve  the  residue  in  a  drop  of  water,  0  0001 
gmi.  of  potassium  originally  present  as  the  chloride  with  0*5 
grm.  of  sodium  chloride,  was  easily  found.  By  turning  the 
observing  telescope  so  as  to  cut  off  as  completely  as  possible 
the  sodium  light  we  were  able  to  detect  potassium  in  four  suc- 
cessive tests  of  a  drop  of  the  tinal  solution  which  was  just 
large  enough  to  fill  the  coil  four  times,  when  the  original 
amount  of  potassium  present  with  0*5  grm.  of  sodium  chloride 
was  0*00001  grm.  This  is  equivalent  to  detecting  ^j^  mg.  of 
potassium  in  a  drop  large  enough  to  fill  the  coil  once.  We 
were  assured  of  the  entire  absence  of  potassium  from  the 
sodium  chloride  which  we  used  by  the  fact  that  the  similar 
extraction  of  1  grm.  of  the  salt  by  alcohol  left  a  residue  which 
yielded  no  line  of  potassium  when  examined  spectroscopioally. 
It  is  perhaps  worth  noting  in  passing  that  the  coil  may  be 
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made  to  pick  up  a  drop  of  a  size  only  snfficient  to  fill  it  lii 
simply  touching  the  coil  while  hissing  hot  to  the  dro|). 

Certain  experiments  iu  which  the  method  of  maoipntation 
which  we  have  described  was  applied  to  the  determination  of 
potassinui  salts  other  than  the  ciiloride  indicated  that  the  tot 
is  less  delicate  in  the  case  of  the  snlphate,  aiid  lather  more 
delicate  in  the  case  of  the  carhonate.  We  were  able  to  find 
the  red  line  of  potnssiniu  nmnistakahly,  when  only  -^-^  of » 
milligram  of  pot-assium  was  iotrodiiccd  into  the  dame  in  the 
form  of  the  carbonate. 

The  quantitative  determination  of  potaesiuin  by  the  8|>eclro- 
seope  has  never,  so  far  a«  we  know,  been  accomplished  hcretufort 
Rodinm  appears  to  have  been  succeesfully  estimated  by  Gliam- 
pion,  Pellet  and  Grenier*  by  the  use  of  compamon  flamw, 
produced  by  the  aid  of  complex  mechanism,  and  a  spectro- 
photometer of  original  construction.  Lithium  has  been  deter- 
mined more  simply,  Truchotf  having  been  the  first  to  siigj^t 
a  method  of  manipulation  which  was  modified  by  BaltmajiD^ 
and  taken  up  later  by  Bell§  apparently  without  knowlcd^  of 
the  previous  work  on  the  same  line.  Truchot's  method  con- 
sists in  comparing  the  duration  and  strength  of  the  spectral 
lines  developed  by  exposure  to  the  Bunsen  flame  of  portioot 
taken  up  in  a  platinum  loop  from  the  test-solution  and  standani 
solutions  of  different  streugtlis.  No  analytical  proofs  of  th* 
value  of  the  method  were  given  and  accuracy  was  not  claimed 
beyond  the  recognition  of  differences  of  from  three  to  four 
milligrams  in  a  liter  of  liquid  when  amounts  not  esceediup 
forty  milligrams  per  liter  were  compared,  fiallinnnn  discards 
valueless  the  observation   of  the  duration  of  the  sr>ectral 
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inents  looking  in  this  direction  we  found  it  best,  for  onr  par> 
poee  at  leagt,  to  fall  back  npon  Truchot's  method  of  comparing 
visible  lines,  rather  than  to  try  to  tix  the  vanishing  ]x>int  or 
the  point  of  extinction  of  the  spectral  line.  We  chose  a  dilu- 
tion of  the  standard  eoluHon  which  corresponds  to  the  presence 
of  ^J  J  nig.  of  putassinm  to  the  euil-fnll,  and  set  the  slit  at  a  width 
of  n-23°"°,  having  fonnd  it  most  advaniageoHS  to  work  with 
lines  for  coiiijjarisoii  bright  eiiongli  to  be  visible  without  inach 
effort.  Our  mode  of  pi-occeding  is  to  dilute  the  test-solution 
niitil  the  line  given  by  the  ])otassiun]  contained  in  a  <;oil-fiill  is 
of  tho  name  brightness  an  tliiit  given  bv  the  same  quantity  of 
the  standard  sdliitioii,  Fi-oiii  tlie  final  volume  of  the  test- 
solution  the  quantity  of  potassium  present  in  it  is  directly  cal- 
vulahle;  for,  since  any  given  volume  of  the  test-solution  at  its 
final  dilution  contains  exactly  the  same  amount  of  potassium  as 
the  same  volume  of  the  standard  solution,  we  have  only  to 
multiply  the  num1>er  e.\pressing  the  volnniu  in  cubic  centime- 
ters of  the  tet^t-soliition  by  the  weight  in  grams  of  the  potas- 
eiam  contained  in  one  cubic  centimeter  of  the  standard  in 
order  to  obtain  the  weight  in  grams  of  potassium  in  the  whole 
test-solution.  Wc  found  it  convenient  to  use  several  coils 
adjusted  to  the  same  capacity,  and  to  clean,  fill,  dry  and  ignite 
tliem  before  tlie  spectroscope  in  the  manner  jH-evionsly  de- 
scribed, i'rom  time  to  time  the  capacity  of  the  coils  should 
be  readjusteil,  or  else  the  Una!  comparison  tests  should  be  made 
with  a  single  coil.  It  is  essential  that  the  eye  of  the  observer 
should  l)e  kept  a.s  nearly  as  possible  in  the  same  condition  of 
sensitivencBs  and  in  the  same  ]>usition  in  making  the  compari- 
BODB,  and  to  accomplish  this  end  wc  found  it  best  to  hold  the 
eye  at  tlie  observing  telescojie  during  the  entire  interval  be- 
tween the  exi>08ureH,  to  shade  it  carefully  by  the  band,  or 
otherwise,  to  cover  the  eye  not  in  use.  to  cut  off  all  direct  sun- 
light from  the  work-table  (ihougli  the  diffused  light  of  the 
room  is  not  objectionable),  and  to  light  the  comparison  scale  of 
the  spectroscope  to  the  faintest  possible  visibility  in  order  to 
fix  exactly  the  ix>sition  in  which  the  line  is  to  be  sought.  It 
Is  important,  too,  that  the  trials  of  the  test  and  standard 
Aoolo  come  as  closely  together  as  possible  in  point  of  time. 
^^^^Bfirrations  of  a  series  should  be  made  by  the  same  iudi- 
^Hm^^e  preparation  and  exposure  of  the  wires  being  made 
by  another.  It  is  not  pnssihie  to  attain  the  best  results  in  snch 
work  liingle  handed.  The  dilution  of  the  test-solution  ismiide 
conveniently,  and  with  .'Sufficient  accuracy,  in  100cm.'  cylinders 
graduated  to  half  cubic  centimeters,  the  mixture  being  made 
tuoroogh  by  passing  (he  solution  from  vessel  to  vessel.  It  is 
uft«u  advaDlageoufi  to  divide  a  liquid  which  is  to  be  diluted 
^ud  to  work  with  aliquot  portions,  so  that  it  may  Ix:  possible  to 
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retrace  a  step  without  trouble  in  case  a  portion  of  the  Eolotioo 
has  been  unwittingly  diluted  too  much  ;  sacb  a  mode  of  pro- 
ceeding is,  of  course,  necessary  when  the  final  dilution  mosi 
exceed  101)  cm",  unless  large  graduates  are  called  into  ose. 
Excepting  the  cases  of  very  concentrated  solutions,  no  eigDifi- 
cant  lose  of  material  is  occasioned  bv  the  filling  of  the  coils, 
the  error  thns  introduced  being  trivial  in  comparison  with  thst 
inherent  in  all  photometric  processes.  The  following  is  tbe 
record  of  our  experience  in  the  comparison  of  solutions  of 
pure  potassium  chloride,  the  strength  of  the  test  solation  heing 
unknown  to  the  observer. 


EXPEHIUEHT    I. 


BXPEKUEBRT   II. 


150     ' 


Cbaracteristic  of 


Stronger 

stronger 

stronger 

stronger 

stronger 

like 

weaker 

weaker 

like 


(150  X  0-0001  =  0-0150) 

Potassium  found 0'0150  gmi. 

taken 0-0150    " 

\  0-0120 
(  0-0100 


Limits  on  either  side  ■ 


stronger 
Stronger 
weaker 
stronger 
stronger 
stronger 
like 


(80  X  O-OOOl  =  0-0080) 

Potassium  fonnd II-UUSO 

"         taken O-CW80 

T-     -.  ■.».  J     10-0078 

Limits  on  either  side  j^.^^g. 
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Experiment  TIL 
Volume  of  the  Characteristio  of  line 

test-solution.  compared  with  standard. 

25  cm*  stronger 

60   "  stronger 

80   "  stronger 

90   "  stronger 

96    "  stronger 

106    "  stronger 

120    "  like 

(120  X  0*0001  =0  0120) 

Fotassium  found 0*0120  grm. 

"  taken 0-0100     " 

Error 0*0020     « 

The  result  of  this  experiment  was  most  surprising ;  for,  in- 
stead of  diminishing  the  delicacy  of  the  test  we  find  that  the 
presence  of  a  moderate  amount  of  sodium  chloride  tends  to 
increase  the  brilliance  of  the  potassium  line.  The  sodium 
chloride  employed  was  a  part  of  that  prepared  and  tested  as 
previously  described  and  used  in  the  experiments  upon  the 
qualitative  determination  of  potassium.  By  no  possibility 
'could  the  01  grm.  of  it  taken  in  the  experiment  have  con- 
tained more  than  0*000001  grm.  of  potassium.  It  is  evident, 
therefore,  that  the  brilliance  of  the  potassium  line  gained 
twenty  per  cent  in  strength  by  the  influence  of  sodium 
chloride  amounting  to  ten  times  tlie  weight  of  the  potassium 
present  when  the  effect  due  to  impurity  of  the  salt  could  by 
no  means  exceed  a  hundredth  of  one  per  cent;  that  is  to  say, 
the  observed  effect  is,  at  the  very  least,  two  thousand  times 
greater  than  that  which  might  have  been  conceivably  produced 
by  contamination  of  the  sodium  salt. 

In  the  following  cxperiuient  the  effect  of  varying  amounts  of 
sodium  chloride  upon  the  spectrum  of  the  potassium  is  shown. 
The  sodium  line  wai?  turned  out  of  the  field  of  view  to  obviate 
the  dazzling  effect  of  tlie  sodium  light,  and  a  solution  of  potas- 
sium chloride  containing  0-01  grm.  of  the  element  in  100  cm'. 
was  examined  spectroscopically  after  the  addition  of  successive- 
ly increasing  amounts  of  sodium  chloride,  the  strength  of  the 
line  observed  being  brought  into  comparison  with  that  produced 
by  similar  portions  of  the  potassium  solution  containing  no 
sodium. 

(^hanictcristic  of 
line  comparod 
Sodium  chloride     Potoasium      Ratio  of  Width  wit li  standard  con- 

in  a  coil-full.      in  a  coil-fuli.    NaCl :  K  of  slit.  talninK  uo  NaCl. 

0*0U2  mg.  0002  mg.  1:1  0  18  mm.                     lilce. 

0-010  •*  0002  •'  5:1  018  '»                         like. 

0-020  "  0002  "  10:1  018  "  a  little  stronger. 

0-040  **  0*003  "  20 :  I  023  •'  much  stronger. 

0-300  "  0-002  "  100:1  0*23  "  very  much  stronger. 

0*400  **  0-002  "  200 :  1  0*23  **  much  stronger. 

0-600  "  0-002  "  300:1  023  *'  much  stronger. 
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From  this  it  appears  that  the  maximum  strengthening  effect 
occurs  when  tlie  Bodiuin  chloride  stands  to  the  potasBinm  in 
the  ratio  of  100 : 1.  The  apparent  diminution  of  brillimic* 
when  the  sodium  is  increased  Iteyond  tliat  proportion  ie  dcnibt- 
less  due  to  the  effect  of  the  strong  light  diffused  tlii-ough  tiie 
field  of  view  by  the  intensely  bright  sodium  fiame  in  spite  oi 
the  fact  that  the  line  itself  is  cut  off  from  direct  vision. 

The  cause  of  the  brightening  effect  of  the  sodium  chloride 
we  are  inclined  to  attribute  to  the  chemical  action  of  the  &>diDm 
dissociated  in  the  flame.  The  effect  of  ammonium  chloride, 
and  of  hydrochloric  acid,  in  destroying  the  p^taesinm  light  is 
well  known,  and  is  due,  presumably,  in  very  lar^  degree  to 
the  prevention  of  the  dissociation  of  the  potassium  cTiloriiie. 
The  dissociated  sodium  should  naturally  by  its  mass-accion 
reinforce  the  disintegrating  action  of  the  heat  upon  the  mole- 
cole  of  potassium  chloride. 

It  is  plain  that  the  complication  introduced  into  the  qoanti- 
tfttive  spectroscopic  determination  of  potassium  by  the  presenw 
of  the  sodium  salt  in  the  test  can  be  obviated  if  it  can  bt 
brought  abont  that  both  the  test  and  the  standard  solution  shall 
contain  the  same  amount  of  that  reagent.  It  is  a  matter  of 
interest,  therefore,  to  discover  whether  it  is  possible  to  matci 
Bodium  lines  of  considerable  intensity  so  closely  that  the  quan 
titles  of  that  element  in  solutions  brought  into  comparison  sliail 
be  practically  equal,  and  so  may  be  relied  upon  to  give  the 
same  strengthening  effect  to  the  potassium  spectrum,  Tlie 
following  statement  is  the  record  of  an  attempt  in  this  dire^ 
tion.  Tiie  narrower  slit  was  found  to  be  Irest  adopted  to  the 
eomparieon  of  the  sodium  lines. 
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From  these  reenlte  it  is  plain  that  the  sodiam  in  test  and 
fitan<):ir(]  may  be  matched  cloeely  enough  to  allow  a  fair  spproxi- 
ination  to  lie  made  in  the  determination  of  the  potassium.  In 
E.\|>eriments  IV,  V  and  VI,  no  readjustment  of  the  percentage 
of  rodium  in  the  final  dilntion,  subsequent  to  the  matching  of 
till-  sJidinin  lines,  was  attempted;  in  Experiment  VII  this 
Iook(.-d  to,  fi..  tliHt  in  iliis  dctcrmiiKition  the  strength 
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the  last  degree  when  large  amounts  of  potassinm  are  to  be 
estimated,  the  method,  we  think,  offers  some  advantage  with- 
out too  great  sacrifice  of  exactness  in  the  determination  of 
small  amounts.  In  qualitative  work  the  mode  of  manipula- 
ting described  is  exceedingly  satisfactory.  Aside  from  the 
practical  application  of  the  method  the  point  which  has  been 
of  greatest  mterest  to  us  is  the  development  of  the  fact  that 
the  presence  of  sodium  salts  in  the  ilame  is  of  direct  influence 
in  strengthening  the  spectrum  of  potassium. 


Art.  XLIX. — The  T/Hra- Violet  Spectrum  of  the  Solar  Proin- 

hieiices  ;  by  George  E.  Hale.* 

In  various  papers  published  during  the  past  year,  I  have 
called  attention  to  some  of  the  advances  in  our  knowledge  of 
the  Solar  Prominences  which  might  be  expected  to  follow  the 
application  of  photographic  methods  to  a  study  of  their  forms 
and  spectra.  A  recent  number  of  this  Journal,  August,  1891, 
p.  160,  contains  reproductions  of  some  photographs  obtained 
in  the  course  of  my  investigations  on  this  sunject  at  the 
Kenwood  Physical  Observatory.  I  am  indel)ted  to  Professor 
Lockyer  for  the  use  of  a  measuring  machine  during  a  recent 
visit  to  Londun,  and  I  am  now  able  to  give  my  determinations 
of  wave-length  for  the  new  prominence  lines,  and  some  con- 
clusions to  be  dniwn  from  them.  But  perhaps  it  will  first  be 
well  to  consider  for  a  moment  the  apparatus  and  methods  at 
present  employed  in  the  work. 

To  the  eye  end  of  the  12*2  inch  equatorial  refractor  of  the 
Kenwood  Observatory  a  large  solar  spectroscope  is  rigidly 
attachi^d  by  three  steel  tubes,  and  as  the  spectroscope  extends 
about  five  feet  beyond  the  focus  of  the  telescope,  the  declina- 
tion axis  is  placed  at  the  center  of  the  combined  lengths  of 
the  two  instruments,  in  order  to  reduce  the  amount  of  counter- 
balance required  at  the  object-glass  end.  The  result  is  very 
satisfactory,  and  there  can  certainly  be  little  fear  of  flexure  in 
the  combination.  The  whole  spectroscope  may  be  rotated  by 
a  rack  and  pinion,  so  as  to  make  the  slit  tangential  or  i*adial  at 
any  point  on  the  sun's  limb.  The  object-glasses  of  the  col- 
limator and  observing  telescope  have  3ir  inches  clear  aperture, 
and  42^  inches  focal  length.  The  4-inch  llowland  grating  is 
mled  with  14,438  lines  to  the  inch,  and  as  the  telescopes  make 
with  each  other  a  constant  angle  of  25°,  different  orders  of 

*Read  tt  the  Ctrdiff  Meeting  of  the  British  Association  for. the  Advance- 
ment of  Science,  Augtist,  1891. 
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spectra  are  brought  into  the  field  of  view  by  rotating  the 
grating.  A  diagonal  c^'e-piece  at  the  end  of  the  observicf 
telescope  allows  the  siwetruin  to  be  observed  after  the  phoh>- 
graptiie  plate  is  in  position. 

In  photographing  the  spectrum  of  a  protnineuce  the  follow- 
ing 18  the  ordinary  process.  Let  ns  suppose  that  it  is  deeired 
to  use  a  radial  slit,  m  the  II  and  K  region  of  the  spectmin. 
The  C  line  in  the  second  order  is  brought  into  the  held,  and 
while  observing  this  line  the  Epectroscopc  is  rotated  until  the 
slit  is  radial  at  some  iioint  on  ttie  limb  where  a  protnineDce  i» 
seen.  The  driving-clock  is  then  started,  and  the  telescope 
damped,  so  that  the  sun's  image  is  kept  as  nearly  as  possible 
stationary  on  the  slit  plate.  A  small  strip  of  metal,  pushed  in 
just  l>ehind  the  slit,  excludes  the  direct  solar  light,  except  from 
a  small  region  near  the  limb.  The  whole  collimator  is  next 
moved  by  a  screw  nntil  the  slit  is  brought  to  the  proper  focus 
of  the  equatorial  for  K,  and  the  collimator  and  observing  tel- 
escope are  set  at  the  focus  for  the  same  line,  the  positions  bein^r 
taken  from  a  table  of  foci,  determined  by  experiment,  for  the 
principal  lines  in  the  spectrum.  After  placing  the  sensitive 
plate  in  position,  the  grating  is  rotated  until  the  K  line  in  the 
fourth  order  is  in  the  middle  of  the  field,  the  slit  is  covered,  tliv 
slide  drawn,  and  the  proper  exposure  given.  The  exposure  of 
course  depends  upon  the  aperture  and  focal  length  of  the  equa- 
torial, the  width  of  the  slit,  the  brilliancy  of  the  grating,  tlie 
sensitiveness  of  the  plate,  etc.,  but  witli  the  ordinary  dry~plati.' 
of  sensitomcter  No.  23  furnished  by  the  Seed  Company,  and  a 
slit  about  O'OOl  inches  wide,  I  usually  find  that  an  exposure  of 
from  20  to  30  seconds  gives  the  best  resnlt 

For  tlie  tii-st  linif!  wilfiout  :in  ivlipse  the  prominence  spectrum 
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a  number  of  photographs  of  its  spectrum  were  made  with 
both  radial  and  tangential  slit. 

In  reducing  the  wave-lengths  of  these  lines  it  might  be  con- 
sidered easy  to  obtain  values  for  a  given  line  agreeing  closely 
in  the  hundredths  place  of  tenth-meters,  but  two  causes  have 
combined  to  lessen  the  accuracy  of  determinations.  The  H 
and  K  reversals  almost  invariably  show  some  indications  of  mo- 
tion of  the  prominences  in  the  line  of  sight,  and  the  conse- 
qaent  distortion  renders  somewhat  difficult  the  proper  setting 
of  the  spider  line  of  the  measuring  machine.  Again  the  plate- 
holder  used  was  made  for  another  purpose,  wnich  required 
that  the  plane  of  the  plate  should  be  at  right  angles  to  the  axis 
of  the  observing  teleacope.  As  the  object-glass  of  the  tele- 
scope is  corrected  for  the  visual  region,  it  is  evident  that  near 
K  there  must  be  a  slight  change  in  focus  from  one  side  of  the 

Elate  to  the  other,  and  a  small  error  is  thus  introduced.  It  will 
e  seen,  however,  that  the  measures  are  sufficiently  accurate  to 
allow  very  little  doubt  as  to  the  identity  of  most  of  the  lines. 
The  fact  that  the  solar  spectrum,  due  to  the  diffuse  light 
of  the  atmosphere,  is  photographed  simultaneously  with  the 
prominence  spectrum,  is  of  great  advantage  in  determining 
the  position  of  the  prominence  lines,  though  it  has  a  corres- 
ponding disadvantage  in  concealing  very  faint  lines,  which 
would  otherwise  be  brought  out.  l^he  wave-lengths  of  certain 
standard  lines  in  the  solar  spectrum  have  been  taken  from  the 
list  published  by  Professor  Rowland,*  and  it  has  thus  been 
easy  to  find  the  wavelengths  of  the  prominence  lines  by 
simple  interpolation.  The  value  of  the  micrometer  screw  has 
been  determined  for  several  regions  on  every  plate  by  measur- 
ing the  positions  of  properly  distributed  standard  lines,  the 
number  of  separate  settings  of  the  spider  line  iti  each  case 
ranging  from  live  to  fifteen,  depending  upon  the  character  of 
the  line  measured.  In  the  following  table  the  first  column 
contains  the  wave-lengths  of  the  ultra-violet  prominence  lines  ; 
the  second  the  positions  assigned  by  Ames  to  the  lines  in  the 
hydrogen  stellar  series ;  and  the  third,  the  wave-lengths  of  the 
calcium  lines  at  II  and  K,  which  Professor  Rowland  has  been 
kind  enough  to  furnish  in  advance  of  publication.  I  am  in- 
formed that  they  are  provisional  only,  but  may  be  relied  on  to 
within  1  or  2  in  the  last  place  of  decimals.  In  the  case  of 
hydrogen,  Ames  consider  that  the  error  in  any  wave-length 
cannot  amount  to  more  than  0*05  of  a  unit,f  and  my  own 
values  for  the  prominence  lines  must  possess  ai  least  an  equal 
degree  of  accuracy,  though  I  am  inclined  to  believe  some  of 
them  even  more  reliable.     In  the  fourth  and  fifth  columns  I 

♦This  Journal,  p.  182,  1887.  f  Phil.  Mag.,  July,  1890,  p.  49. 
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Lave  added  Cornn's  ineastireE  of  the  hydrogen  lines,*  and  Dr. 
Hiiggine'  wave  lengths  of  lines  in  the  hydrc^n  stellar  eeries,! 
botn  reduced  to  the  scale  of  Rowland's  map. 

Hjdit^en.      First  Ttj* 

Esle. 
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3033-8I 
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3970-1 
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3734-15 
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3721-8 

3721-1 

3717-B 

3711-9 
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3707-9 
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Let  us  first  consider  the  prominence  lines  which  lie  near  the 
centers  of  the  broad  dark  shades  at  H  and  K.  In  his  observa- 
tions of  the  chromosphere  and  prominence  spectrum  at  Mount 
Sherman,  in  1872,  Professor  Young  succeeded  in  seeing  these 
reversals  in  a  number  of  cases,  but  the  character  of  the  bright 
lines  could  not  be  made  out,  and  it  was  considered  probable 
that  the  broad  dark  bands  were  included  in  the  revereal,  only 
the  brighter  central  portions,  however,  being  strong  enough  to 
affect  the  I'Vo.     TiTc  ln.w  find,  on  the  eniitniry.  tbut   tht  >iih- 
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a  fine,  sharp  line.  Other  stars  give  intermediate  breadths,  and 
in  some  instances  it  has  entirely  disappeared.  In  the  case  of 
H  the  question  is  complicated  by  the  fact  that  hydrogen  and 
calcium  possess  lines  which  form  a  close  double  at  this  point, 
BO  it  is  best  to  consider  only  K.  From  the  variations  of  this 
line  it  will  be  seen,  apart  from  the  interesting  subject  of  stellar 
evolution  so  evidently  sugffested,  that  the  narrow  dark  line  at 
the  center  is  \QTy  po^ibTv  produced  by  the  same  substance 
which,  vibrating  under  difterent  conditions,  causes  by  its  ab- 
sorption the  broad  dark  band. 

As  the  central  dark  line  is  known  with  a  high  degree  of  cer- 
tainty to  be  due  to  calcium,  it  becomes  likelv  that  tlie  band  is 
due  to  the  same  substance,  and  as  the  central  dark  line  of  H  is 
also  a  calcium  line,  it  might  perhaps  be  safe  to  attribute  the  H 
band  to  the  same  metal,  though  in  neither  case  is  it  well  to  be 
too  positive  in  the  assertion,  for  it  is  somewhat  peculiar  that 
the  bands  and  lines  appear  together  in  the  solar  spectrum.  If 
the  same  substance  produces  both,  and  each  requires  different 
conditions,  possibly  of  temperature  or  pressure,  for  its  produc- 
tion, these  conditions  must  presumably  exist  at  different  eleva- 
tions above  the  photosphere. 

The  question  now  arises  whether  the  bright  lines  in  the 
prominence  spectrum  agree  in  position  with  the  dark  lines  at 
the  center  of  the  H  and  K  bands.  Only  one  or  two  of  my 
prominence  spectra  happened  to  be  given  the  proper  exposure 
to  bring  out  both  the  bright  and  dark  lines,  but  in  these  the 
coincidence  is  fairly  satisfactory.  I  have  not  as  yet,  however, 
been  able  to  obtain  the  wave-lengths  of  the  dark  lines  in 
hundredths  of  a  tenth-meter,  but  Professor  Rowland's  deter- 
minations of  wave-lengths  for  the  corresponding  calcium  lines 
will  answer  nearly  as  well.  These  have  been  given  in  the 
third  column  of  the  table  of  wave-lenjrths.  It  will  be  seen 
that  in  the  case  of  H  the  prominence  line  is  0*05  tenth-meters 
more  refrangible,  while  at  K  the  prominence  line  is  0*06  tenth- 
meters  less  ref raDgible.  Professor  Rowland  considers  his  values 
correct  within  1  or  2  hundredths  tenth-metei*s,  while  the  prob- 
able errors  in  the  position  of  the  prominence  lines,  deduced  on 
the  assumption  of  equal  weights  lor  the  wave-lengths  given  by 
each  of  six  plates,  are  0*021  and  0*036  tenth-meters  for  H  and 
K  respectively.  On  the  whole,  then,  there  can  be  little  doubt 
that  these  prominence  lines  are  due  to  calcium,  and  are  there- 
fore probably  true  reversals  of  the  central  dark  lines  of  the  H 
and  K  bands. 

It  will  be  of  interest  next  to  consider  briefly  the  character  of 
these  two  prominence  lines.  In  all  cases  they  are  quite  narrow 
and  sharp,  except  when  motion  in  the  line  of  sight  has  pro- 
duced broadening  or  distortion.     In  seven  photographs  made 
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with  a  radial  slit  both  lines  gradually  become  narrower  as  tbe 
distaDCe  from  the  limb  increases,  and  have  a  pointed  appear- 
ance. This  might  be  due  to  an  actual  decrease  in  the  width  of 
the  lines,  but,  as  there  is  usually  h  certain  increase  of  intensity 
toward  the  limb,  the  effect  may  be  purely  photographic.  Iq 
several  plates,  however,  there  is  so  little  cliaage  of  intensily 
that  the  widening  can  hardly  1)6  due  to  this  cau^.  The  arrov- 
head  appearance  so  fiequently  seen  with  the  C  and  F  lines,  i^ 
often  sliown  when  the  slit  is  radial.  A  rather  curioas  appear- 
ance hap  been  found  on  tiirce  plates  made  with  radial  slit,  and 
in  the  two  which  best  show  ttie  effect  there  is  a  very  sudden 
decrease  of  intensity  in  the  upper  part  of  the  lines.  Instead  of 
becoming  narrower  toward  the  top,  the  Hues  seem  to  expand 
symmetrically  on  cither  side,  and  the  edges  become  hazy  and 
indistinct  As  in  the  case  of  the  pointed  lines,  there  is  also  an 
expansion  toward  the  limb,  bnt  here  tlie  edges  are  clearly 
defined.  Tlie  arrow-head  appearance  is  shown  in  two  of  these 
plates.  With  a  tangential  slit  two  plates  show  the  hnes 
expanded  at  the  ends,  and  in  one  plate  they  are  pointed. 
Though  in  most  cases  the  forms  of  H  and  K  are  very  similar, 
there  is  a  single  instance  where  K  is  shown  sharply  double  in 
the  fainter  portions  at  each  end  of  the  line,  and  at  one  end  the 
components  seem  to  diverge  slightly.  That  this  is  not  the 
result  of  poor  focusing  is  attei^ted  by  the  sharpness  of  the  line« 
in  the  background  oi  solar  spectrum;  at  the  same  time  the 
appearance  is  hardly  that  of  an  ordinary  reversal.  One  further 
peculiarity  will  show  that  it  is  safest,  for  tlie  present  at  least, 
not  to  draw  any  concUisions  from  such  appearances  as  have 
been  noted.  In  a  certain  position  of  the  mirror  of  the  measuring 
■      illni.iinatiMii  WHS  siH-li  tli;;f  tin-  edgos  of  tin-  ra.lial 
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>ack^ronnd.  This  is  a  well-known  contrast  effect.  The  H 
knd  K  lines,  for  instance,  seem  to  be  shrrounded  by  a  lighter 
>and,  which  follows  the  contour  not  only  of  the  lines,  but  also 
>f  the  wing  by  the  side  of  the  prominence.  If,  now,  a  Fraun- 
lofer  line  happens  to  be  bv  the  side  of  a  bright  line,  the  con- 
trast is  strengthened,  and  both  the  bright  and  the  dark  lines 
ippear  more  distinctly  than  they  otherwise  would.  This  is  the 
yxiiy  simple  way  in  which  I  can  explain  some  of  the  appear- 
races  of  the  photographs."  The  first  part  of  the  quotation  is 
all  that  concerns  us  at  present,  for  in  the  negative  which  I  have 
Eneotioned  as  showing  this  peculiarity  particularly  well,  the 
Fraunhofer  lines  are  hardly  visible  above  the  limb,  and  none 
appear  within  the  dark  bands  at  II  and  K.  As  Dr.  Schuster 
does  not  speak  of  the  illumination,  I  assume  that  the  appear- 
ance was  generally  seen,  and  this  constitutes  another  point  of 
diflerence.  A  penumbra  formed  by  light  reflected  from  the 
back  of  the  plate  would  probably  extend  but  little  higher  than 
the  central  line,  but  in  the  future  plates  backed  with  a  dyed 
collodion  film  will  be  employed  to  obviate  any  effects  of  this 
kind.  No  entirely  satisfactory  explanation  of  the  peculiar  ap- 
pearance of  these  lines  has  as  yet  suggested  itself. 

But  on  another  point  there  is  little  ropm  for  doubt.  The 
bright  n  and  K  lines  certainly  extend  to  a  very  considerable 
elevation  above  the  sun's  limb,  and  it  is  extremely  probable 
that  calcium  is  carried  to  the  very  top  of  the  highest  prom- 
inences. With  the  improved  apparatus  to  be  used  in  a  contin- 
uation of  this  researcli,  I  hope  to  be  able  to  ascertain  the 
relative  heights  of  various  lines  in  the  prominence  spectrum. 
For  instance,  while  a  photograph  is  being  made  of  H  and  K, 
the  height  of  C  in  the  same  prominence  can  be  measured  with 
a  micrometer.  The  comparative  observations  and  photographs 
made  up  to  the  present  time  suggest  the  belief  that  calcium 
attains  the  highest  elevations  reached  by  hydrogen,  and  the 
remarkable  brilliancy  of  II  and  K  at  the  eclipse  of  1882  attest 
the  importance  of  calcium  in  the  prominences.  Dr.  Schuster 
is  of  the  opinion  that  the  coronal  spectrum  contains  calcium 
injected  by  the  prominences,  and  this  may  only  very  gradually 
descend  again  to  the  level  of  the  photosphere.*  This  supposi- 
tion seems  a  very  plausible  one,  and  if  it  be  at  the  same  time 
considered  probable  that  the  H  and  K  bands  and  their  central 
lines  are  produced  by  the  same  substance,  the  possibility  is 
suggested  that  the  broad  dark  shades  may  be  caused  by  the 
absorption  of  the  cooler  vapor  at  a  considerable  elevation, 
while  the  absorption  near  the  photosphere  gives  rise  to  the 
narrow  central  lines.     This  view  need   not  necessarily  conflict 

*  Phil.  Trans,  vol.  cUxx,  1889,  (A.),  p.  328. 
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with  a  belief  in  a  Bhallow  reversing  layer,  where  absorption 
ordinarily  takes  pliice,  for  the  H  and  K  bands  are  uniqoe  in 
the  solar  spectrum.  It  rests,  however,  on  eomewLat  insecure 
fonndatiooa,  and  cannot  be  credited  with  moch  weight. 

Od  account  of  the  dark  shades  at  K  and  K  it  lias  proced 
quite  easy  to  photograph  prominence  forms  with  an  open  Blit. 
With  otlier  prominence  lines  the  brilliancy  of  the  bacKgroond 
is  much  increased  when  the  Hlit  is  opened,  bnt  this  is  not  the 
case  with  H  and  K,  and  it  is  often  possible  to  use  a  slit  nearh 
a  quarter  of  an  inch  wide.  The  fourth  order  epectmni  has 
been  employed  for  this  work,  and  the  best  results  are  obtained 
with  an  exposure  of  about  one  second.  It  is  considered  that 
gi'eat  advantaee  will  result  from  a  material  rednction  of  this 
exposure,  as  the  disturbances  in  our  atmosphere  have  asrel 
made  it  impossible  to  secure  the  linest  details  of  Btnictnre, 

It  is  of  interest  to  note,  however,  that  the  first  photograph 
ever  taken  of  the  rapid  development  of  a  pronimence  w»i 
made  in  this  way  by  my  assistants  on  July  S,  1891,  at  23h 
45m.,  ChicJigo  M.  T.  As  at  first  observed  through  C,  the 
prominence  was  low,  but  very  bright,  and  chaneing  rapidh. 
A  great  tongue  moved  rapidly  out  to  an  elevation  of  about 
80,000  miles,  and  at  this  time  the  extension  was  photographed 
through  H  and  K,  In  fifteen  minutes  the  prominence  hsii 
returned  to  its  original  form.  A  reproduction  of  the  photo- 
graph is  given  in  the  August  number  of  this  Journal,  and 
though  much  has  been  lost  in  the  printing  process,  some  idea 
of  the  actual  appearance  of  the  prominence  may  be  gained. 
A  new  apparatus  for  photographing  the  prominences  is  nov 
being  constructed  as  the  outcome  of  my  InvestigationB  on  tliii 
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rery  mnch  brighter  than  any  other  of  the  seven  ghosts  of  H 
indE,  and  its  position  with  respect  to  H  is  not  symmetrical 
Bvith  that  of  the  first  ghost  on  the  opposite  side  of  this  line, 
Bvhile  in  the  case  of  K  the  ghosts  are  very  regularly  spaced. 
My  assistants  report  that  they  were  able  to  see  n  very  plainly 
doable  in  a  brilliant  metallic  prominence  observed  July  27, 
BUid  on  one  or  two  occasions  Professor  Young  has  made  out  the 
same  thing.  The  agreement  in  wave-length  with  Ames's 
hydrogen  line  at  3970*25  is  by  no  means  satisfactory,  and  more 
ODBervations  and  measures  are  required  before  a  conclusion  can 
be  reached. 

No  one  can  doubt  that  the  next  four  prominence  lines  are 
members  of  the  well-known  liydrogen  series,  for  their  agree- 
ment in  wave-length  with  the  values  given  by  Ames  is  cer- 
tainly very  striking.  Comu's  measures  show  considerable 
differences,  as  do  also  those  of  Dr.  Huggins,  but  the  small  dis- 

Krsion  employed  by  the  latter  in  this  investigation  must  be 
me  in  mmd.  Tliere  can  be  little  question  that  Ames'  wave- 
lengths are  very  near  the  truth,  for  tney  almost  exactly  corre- 
Bpond  with  those  calculated  by  Balmer's  formula.  The  meas- 
ures of  the  prominence  lines  also  serve  to  confirm  them. 

The  remaining  prominence  line  at  I  3888'73  has  not  been 
accounted  for.  It  forms  a  close  double  with  the  hydrogen 
line  at  X  3889-14,  and  with  it  attains  as  great  elevations  above 
the  limb  as  those  reached  by  H  and  K.  The  character  of  the 
lines,  however,  is  quite  diiferent,  for  while  the  hydrogen  line 
is  wider,  and  slightly  diffuse,  the  line  at  X  8888-73  is  very 
narrow  and  sharp.  I  have  seen  no  statement  that  the  hydrogen 
line  has  shown  any  signs  of  duplicity,  and,  as  Mrs.  Huggins 
has  had  the  kindness  to  examine  the  corresponding  line  in 
some  very  sharp  photographs  of  steller  spectra  with  the  same 
result,  we  have  reason  to  consider  an  independent  origin  prob- 
able. 

The  results  so  far  obtained  can  only  ])e  regarded  as  prelim- 
inary, for  with  the  improvements  now  being  carried  out  in  the 
telescope  and  spectroscope,  and  the  much  greater  frequency 
of  metallic  eruptions  as  the  maximum  sun-spot  period  is 
approached,  it  is  certainly  to  be  hoped  that  many  more  lines 
will  be  photographed.  The  ultra-violet  spectra  of  sun-spots 
have  also  been  worked  upon  with  some  indications  of  success, 
and,  there  will  evidently  be  no  lack  of  opportunity  in  the  new 
and  interesting  fields  thus  opened  to  investigation. 

London,  August  13,  1891. 
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Abt.  I^. — Phonics  of  Audiioriv7n8  ;   by  Ephbaim  CnriR. 
M.D.,  New  York. 

Seciprocation  of  nound. — When  two  Btringe  of  the  violin 
family  are  ttinecl  in  unison,  on  caneing  one  to  sound  "  the  lir 
aronnd  it  aRsnmes  a  vibrator^'  movement  and  this  being  proM- 
gated  to  the  second  string  causes  it  to  vibrate  and  emit  tlie 
same  sound  or  tone  because  each  aerial  pnlse  commnnicatef 
motion  to  the  second  string,  and  as  the  movements  of  both  are 
by  the  supposition  isoclironoua  each  saeceeding  impulse  aug- 
ments the  effect  of  tlie  preceding  and  this  phenomenon  \t 
termed  tlie  reciprocation  of  sound.  Instances  have  occurred 
of  persons  wlio  by  modulating  their  voices,  have  excited  vibra- 
tions in  glasses  so  powerful  as  to  overcome  the  cohesive  attrsc- 
tion  that  held  the  particles  together  and  consequently  break 
them  in  pieces."— Bird.  Nat.  Phil. 

An  effect  of  air  vibration  is  seen  when  a  shrill  whistle  w 
infant's  cry  pi-odnces  a  flaring  or  npward  projection  of  an  ordi- 
nary gas  or  oil  flame  turned  on  just  so  as  not  to  blaze.  The  jei 
shoots  up  in  long  digitations  which  cease  to  project  when  toe 
tone  stops. 

Green  in  his  History  of  the  English  People,  vol.  i,  p.  6T. 
writes  of  Dnnstan  the  Ecclesiastical  statesman  :  "  One  morn- 
ing a  lady  summons  him  to  her  house  to  design  a  robe  whicb 
she  is  embroidering,  and  as  he  bends  with  her  maidens  over 
theirtoil,  his  harp,  hung  upon  the  walls,  sounds  without  mortil 
toutli,  t,oTiE-[i  which  the  excited  ears  around  frame  into  a  juvtiiif 
jintiphoii."     This  would  be  unintelligible  but  for  the 
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same  number  of  vibrations  to  produce  the  same  mnsieal  tone. 
The  size  of  the  auditorium  seems  to  govern  this  tone,  which  has 
been  called  the  key  note  of  the  anditorinm.  Every  room  has  its 
key  note.  No  one  will  dispute  that  music  in  the  key  note  of 
the  auditorinm  is  more  effective  than  when  it  is  not  in  that 
key.  An  opposite  opinion  clashes  against  the  above  facts. 
This  being  so  with  music,  how  is  it  with  Phonics  ? 

The  differences  between  music  and  speech  are  much  less 
than  their  joint  properties.  Both  need  normal  vocal  bands. 
Snidery  shows  this.  A  tumor  exists  wliich  I  removed  from 
the  vocal  bands  in  1866.  For  years  before,  the  patient  could 
not  speak  nor  sing.  She  could  only  whisper.  In  1891  she 
speaks  and  sings. 

The  same  oripulations  belong  to  speech  and  song.  Song 
prolongs  the  basic  vowel  syllable  sounds  more  than  speech. 
These  sounds  are  chiefly  formed  by  the  vocal  bands  alone  as  the 
writer  since  1862  has  shown  to  himself  and  others  in  his  own 
larynx.  Speech  shortens  these  sounds.  Speech  is  staccato  in 
music  with  the  rests  left  out. 

The  consonants  are  the  same  as  a  general  rule  in  speech  and 
song  as  to  production.  Speech  and  song  have  pitch,  forte  and 
piano. 

From  this  — as  Phonics  in  auditoriums  are  often  a  failure, 
i.  e.  people  can't  hear — is  there  not  some  remedy  by  making 
phonic  laws  conform  to  those  of  music  ?  We  think  there  is 
and  for  one  thing  would  Bwggeet  j)/io7iic8  in  the  keynote  of 
the  auditorium. 

That  is  have  the  pitch  of  the  speaker  hold  to  the  key  note 
of  the  auditorium  and  vary  only  as  a  well  regulated  song,  for 
example  like  "  Annie  Laurie.". 

The  writer  has  seen  this  done  successfully  as  follows,  in 

1.  Cincinnati  Music  Hall,  cai)acity  6000  people,  key  note  F. 

2.  Prince  Albert  Memorial  Town  Hall,  Leeds,  England. 

3.  Section  rooms  of  the  X  International  Medical  Congress, 
Berlin,  1890,  and  other  places. 

1,  2,  3,  were  of  exceptional  difficulty  :  1,  from  its  vast  size. 
2,  elegant  to  the  eye  but  hard  for  the  ear.  8,  were  picture 
galleries  never  intended  for  the  ear. 

To  find  the  key  note. 

Sing  the  natural  scale  slowly,  evenly  and  smoothly^  or  play 
this  scale  on  piano  or  organ  similarly.  The  note  which  is  most 
prominent  will  be  the  key  note. 

Those  who  control  auditoriums  may  employ  an  expert  to  do 
this  and  post  the  result.  For  example,  an  auditorium  of  the 
City  Hall  at  Saratoga  Springs  was  thus  tested  1890,  and  a  notice 
was  put  up :  "  The  key  note  of  this  hall  is  F." 

September,  1891. 
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Art.   LI. — The  Secular  Variation  of  Latitudes^  bj  Geobge 
C.  COMSTOCK. 

a  Amotnation  for  the  Ainax- 

A  POSSIBLE  secular  change  in  the  position  of  the  terreetria] 
pole  has  long  been  a  subject  of  discneeion  among  astronomen 
and  plijBiciets,  and  the  hietoiy  of  investigations  made  in  tbit 
connection  resembles  in  many  respects  that  of  similar  researches 
upon  stellar  parallaxes.  The  early  investigators  expected  to 
find,  and  announced  the  actual  discovery  of,  very  sensible  Taria- 
tions  of  both  kinds  while  their  successors  overturned  their 
conclusions  and  traced  their  results  back  to  errors  of  observa- 
tion. Lees  than  a  decade  ago  a  vigorous  interest  in  the  matter 
of  latitudes  seemed  to  be  aroused  by  Fcrgola,  A  plan  for 
systematic  research  was  proposed  and  adopted  and  for  a  time 
we  appeared  to  be  on  the  eve  of  a  repetition  of  the  hriliiaat 
success  attained  by  Bessel  and  Struve  a  half  century  ago  in 
the  determination  of  parallaxes.  But  Fergola's  plan  seems  to 
have  been  abandoned  without  a  trial  and  so  far  as  astronouiers 
are  concerned  these  investigations  have  fallen  into  abeyance. 

But  an  urgent  demand  for  further  research  cotue?  now  from 
another  quai-ter.  The  geologists  having  tried  one  by  one  the 
various  hypotheses  which  have  been  advanced  to  account  for 
the  glacial  periods  have  found  them  successively  inadeijaate 
and  untenable.  In  the  inelegant  but  expressive  language  of 
one  of  these  gentlemen  they  arc  "  in  a  hole."  and  the  onlv 
e8<'iii>e  from  the  difficulty  seems  to  be  through  the  assumption 
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of  ice  present  in  the  northern  hemisphere  at  the  time  of  maxi- 
mum ^laciation  was  distribated  Iti  a  maimer  very  different 
from  the  present  arrangement,  and  this  different  distribution 
will  be  fully  explained  by  shifting  the  terrestrial  pole  from  its 
present  position  to  the  center  of  Greenland.  Opposed  to  tliis 
explanation,  however,  stands  the  common  belief  of  astronomers 
that  the  position  of  the  pole  if  not  absolutely  fixed  is  subject 
only  to  very  inconsiderable  changes. 

To  guard  against  any  possible  misapprehension  let  it  be 
stated  once  for  all  that  the  questions  here  raised  do  not  relate 
to  the  direction  of  the  eartli's  axis  in  space,  i.  e.  to  the  phe- 
nomena grouped  under  tlie  names  precession  and  nutation,  but 
to  the  position  of  the  points  in  which  the  rotation  axis  inter- 
sects the  earth's  surface. 

If  any  such  change  in  the  position  of  the  pole  as  is  supposed 
above  has  occurred  within  recent  geologic  time  it  may  be 
fairly  presumed  that  some  motion  will  still  remain  although 
nothing  can  be  predicated  a  priori  in  regard  to  its  amount  or 
direction,  and  the  problem  which  I  have  proposed  to  myself  is 
to  determine  whether  there  is  any  such  motion  of  the  pole  of 
Bufficient  magnitude  to  be  shown  by  existing  astronomical  data. 

Theoretically  there  are  three  classes  of  observations  which 
may  contribute  to  the  solution  of  the  problem  :  determinations 
of  latitude,  of  azimuth  and  of  longitude;  but  for  the  present 
at  least  only  the  firt^t  of  these  can  furnish  available  data  and 
the  amount  of  satisfactory  data  of  this  kind  is  exceedingly 
small.  I  do  not  wish  to  enlarge  here  upon  the  inherent  difli- 
colties  which  stand  in  the  way  of  determining  a  change  in  the 
latitude  of  a  given  station,  but  some  consideration  oi  them  is 
necessary  for  the  proj^er  appreciation  of  the  conclusions  which 
are  subsequently  reached. 

To  take  a  concrete  instance,  the  following  determinations  of 
latitude  at  Greenwich  seem  to  indicate  a  progressive  change  in 
the  position  of  that  observatory  : 

Date.  Latitude.  Authority. 

1693       5l°28'4r-7  Peters.  Flamsteed. 

1751  38-72  Auwers.  Bradley. 

18-26  38-59  Pond.  Gr.  Obs.  1834 

1838  38-23  Airy.  Gr.  Cat.  1860 

1845  38-17  "  "      **        " 

1855  38-15  "  "       ''        " 

1881  38-07  Christie.  Ten  Year  Catalogue. 

1889  37-95  "  Annual  Report. 
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We  have  here  observations  extending  over  a  period  of 
nearly  two  centuries  during  which  the  latitude  appears  to  hare 
diminished  very  appreciably,  bnt  I  do  not  think  that  such  i 
conclusion  can  properly  be  drawn  from  the  data.  Dr.  Aawen 
informs  me  that  Bradley's  latitude  may  be  anywhere  from 
half  a  second  to  a  second  in  error  on  account  of  uncertainttee 
inherent  in  the  data,  errors  of  figure  and  division  of  the  quad- 
rant, errors  of  the  tabular  refraction,  of  the  thermometer  ei- 
fjoenre,  etc.,  and  the  same  may  probably  be  said  of  Foixl'i 
atitude  while  Flamsteed's  is  much  inferior  to  either  of  these. 
If  the  several  values  of  the  latitude  given  above  had  all  been 
derived  with  the  same  instrument  and  by  the  same  method 
many  of  these  errors  would  be  eliminated  from  the  differences, 
bat  in  fact  five  dififereut  instruments  were  employed  and  the 
entire  apparent  variation  of  the  latitude  may  fairly  enough  be 
ascriboa  to  the  undetermined  errors  affecting  the  reanlts  eiven 
by  these  instruments.  The  same  facts  obtain  for  mach  of  the 
evidence  sometimes  cited  to  show  a  variation  of  latitude  bat 
they  are  not  necessarily  true  of  all  of  it. 

To  obtain  a  reliable  indication  of  a  change  in  latitude  we 
must  compare  determinations  made  at  a  BufiScient  interval  of 
time  by  the  use  of  the  same  instrument  and  the  same  methods, 
or  we  mast  compare  determinations  made  bv  methods  which 
are  practically  free  from  systematic  error,  such  as  are  furnished 
by  the  zenith  telescope  and  the  prime  vertical  transit.  The 
results  furnished  by  these  instruments  depend  npon  the  adopted 
star  places,  but  by  using  only  observations  of  the  same  stan 
made  at  different  epochs  the  change  of  latitude  may  be  made 
to  depend  solely  npon  the  proper  motions  of  the  stars  and  the 
re&idual   error  lu   thenc  inuM;r  inoliona  may  be  almost  indefi- 
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first  of  which,  observations  of  Polaris,  are  shown  in  the  follow- 
ing table : 

ZcUitude  o/ Pulkotoa,    Polaris  ObaervcUiona. 

Date.  Observer.  Latitude.  No.  of  Obi. 

1843  Peters.  69°  46' IS'-YSdzO'ClS           371 

1866  Gyld6n.  18-65  ±    '014              236 

1872-6  Nyr^n.  18-60  ±    -014              166 

1882-0  Nyr6n.  18*40  d=   '010              184 

The  first  tliree  of  these  values  are  taken  from  Nyr^n's  paper 
on  the  latitude  of  Pnlkowa,  the  last  one  is  derived  by  myself 
from  the  data  given  at  j).  [oOJ  of  the  volume  of  Jrulkowa 
observations  cited  above,  after  correcting  the  individual  results 
there  given  for  the  periodic  variation  of  the  latitude  (Kiistner) 
by  means  of  the  formula 

— 0-'26  sin(0— 47°) 

derived  from  meridian  circle  observations  at  the  Washburn 
Observatory  and  confirmed  by  the  special  observations  made  at 
Berlin,  Potsdam  and  Prague  to  determine  the  existence  of  a 
periodic  variation.  If  this  correction  were  omitted  the  value 
of  the  latitude  for  1882*0  would  be  increased  C^O^  A  graphi- 
cal treatment  of  these  data  indicates  an  apparent  diminution 
of  the  latitude  amounting  to  0'^*005,  six  incnes,  per  annum. 

To  this  it  has  been  objected  by  Bruns  (V.  J.  S.  vol.  xxv,  p.  15) 
that  such  a  conclusion  presupposes  that  the  difference  between 
the  tabular  refractions  employed  and  the  true  refraction  at  the 
time  of  observation  is  the  same  for  the  several  epochs  and  that 
this  assumption  recjuires  confirmation.  This  confirmation  is 
afforded  by  an  investigation  by  Nyren  contained  in  vol.  xiv 
above  cited.  From  a  discussion  of  the  observations  of  127 
stars  north  of  +46'^  declination,  not  including  Polaris,  treating 
the  latitude  and  a  correction  to  the  assumed  refraction  as 
unknown  quantities  he  finds  for  the  epochs, 

1846  (?)  Latitude  =  59°  46'  18'-66 
1866  "  18-546 

Annual  variation,    -  ()'006 

This  astonishingly  close  agreement  between  the  results  of 
two  independent  series  of  observations  will  probably  suffice  to 
establish  the  constancy  of  the  refraction  at  Pulkowa  during 
this  period.  The  corrections  to  the  tabular  refractions  for  the 
two  epochs  differ  by  less  than  their  probable  errors. 

There  is  available  another  series  of  Pnlkowa  observations  by 
which  to  test  the  realjty  of  the  apparent  change  of  latitude. 
I  have  compared  the  declinations  of  fourteen  stars  observed 
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with  lliir  ]>riiiie  vertical  tninsii  i-j  Itiftli  <"»<ini  «Dd  Xtkil  di 
l•|)•f<■lJ^  (if  ilicir  iH»|ieftive  oi,*crriti>iit  l«!iic  in  ibe  monl^ft 
.iml  l^Hl,  Aiiwi-iv  Ji(L-  pD!>1i:Li<d  proper  moD<*Df  f-i-r  »n  ■:■:" 
iJn'M-  ^r:lr:■  tiiiVf  i.iit-  for  wliicli  I  •dvj'!  yytvn'i  v^ue  imi  ««!- 
IKiriii-.'  till'  (livliiiiitioii.  (.Ijserred  «T  tlrt-  it."  eftficVxE  I  fiix!  tVr 

tiji-  »;tri;iti f  tfit-  latitti(it-  betwt.eD  1?«2  ind  Irsl  -'j'-li-f 

Aiiiiiiiil  \';iri:iti.ni  -<!"-0(l6.  •pw'ing  ts«nlT  with  the  resn': 
fiiri]ir.lH'<l  l>_v  till-  vertical  circle.  iVerr  much  r^rei  ttit  I 
liiiU' It'll  Ijiiii  m-cfr^  t>>  tlie  reenlte  vf  otwerrstions  madt  vrt'i 
lli<-  priiiu-  M-niwiI  tntiir'it  diiriDg  tt*-  veare  ISif^t-lvW  bT  W. 
Hinivi'.  I  \\:i\v.  liowuvcr.  compared  ibe  deolinaiiC'Df  oJ  de 
tiiri-i-  i-tnh>  iiiii>t  frt'ijiiL'iitI_T  observed  dnring  ibis  period,  wbici 
an-  (liMiiFfi-il  ill  Nvn'iiV  |)aper  Bt*fiuifn*iH^  der  Svt-it-oir  -i-r 
hVilti.liK,,  « iili  X  vri'-ii'p  o)'n«rTanoDe  wiib  the  same  inttrutLeEt. 
I-i'mIii  !(T>'>  i>liM-n  iitioiis  of  tliese  ttar^  at  tbe  mean  epoch  1*40 
riiiiiliiiii'il  Miilt  ll.'t  [iliM'rratioDe  at  tbe  epoch  1S5L  a>b.' 
Aii«.i>'  ]>i'iit>iTtiii>ti<iiiH  ]  find 

Aiiiiiiiil  variation  of  latitade, -0'-(fe4. 
Kitrli  pIiii-  ptinUh  u  iliiiiiiiutioD  of  the  latitude.  These  re^ali^ 
(iiTiuil  ti-iiii  (w<i  liilTi-rcnt  itiEtrnnieDt£  and  from  different 
w  ^i^■^  III  ■•I'M'i'Witi.'Tii.  witli  tbe*e  ineiraments  seem  to  me  iu- 
f\|iliiMlilc  III!  iiin  iiihtT  livpotbesis  than  that  of  a  change  of 
lii|'i  iif.  the  rate  of  variation  at  Polkowa -<>  ■O"'* 

nilu-r  Kimi]>eaD  observatory  at  which  a  varia- 

(Mil   In-  ci^tabHslicd  in  an  e^joally  eatiEfactorr 

iihl\  ••lie  lo  wliich  reference  i^eeius  reqaireil  i; 

1 -fill   determinations  of  the  latitnde  cf 

ivl.-  1k.v«  U-^.i    u^-mV-    VUli.    Ih^    i^\U 
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determined  from  observations  of  f andamental  stars  made  with 
the  Repsold  meridian  circle.  In  the  reduction  of  the  observa- 
tions the  latitude  is  made  to  depend  upon  the  declinations  of 
these  stars  as  given  in  the  Berliner  Janrbuch  and  observations 
on  opposite  sides  of  the  zenith  were  combined  in  such  a  way 
as  to  eliminate  the  errors  of  the  instrument  and  of  the  refrac- 
tion tables.  The  results  of  separate  years  are  given  in  the  fol- 
lowing table : 

Meridian  circle  latitudes  of  Madison. 

Date.        Obi'r.  Latitude.  Ann.  var.  Lat.  18900* 

1883-8       T.      43°4'  36'-45d=0*-14  ,0/^.^^  3Q''10 

84-5  H.  and  C.  36-49  ±,   004  ]""  .J:^  36.72 

85-5  H.  C.  and  U.  36-54  ±    004  J     J^  36-72 

87-2  U.  and  L.  36*61  i   0-04  J     [^^  36*72 

88-6            B.  36-76  ±   003  J'     '.^J  36-82 

89-6  B.  and  E.  36-81  zfc  0-03  _     .j^^  36*83 

90-2  B.  and  E.  36-74  ±  0*00  36-78 

It  should  be  said  in  regard  to  these  values  that  the  observa- 
tions of  each  year  except  the  first  and  last  are  distributed 
through  the  whole  circuit  of  twenty-four  hours  of  right  ascen- 
sion and  are  sufficiently  numerous  to  furnish  a  good  represen- 
tation of  the  system  of  declinations  adopted  as  fundamental. 
The  latitudes  thus  derived  are  affected  with  whatever  constant 
error  inheres  in  the  declination  system  and  in  the  instrument 
itself,  but  since  we  are  here  concerned  only  with  variations  of 
latitude  constant  errors  are  of  no  consequence  and  we  may 
therefore  neglect  the  absolute  value  of  the  latitude  and  inquire 
what  interpretation  is  to  be  placed  upon  its  apparent  annual 
increase. 

I  do  not  think  that  it  will  be  seriously  maintained  by  any 
competent  critic  that  this  variation  is  due  to  error  in  the  star 
places  for,  the  same  stars  being  observed  year  after  year,  this 
would  imply  that  the  mean  of  the  proper  motions  of  some 
hundreds  of  fundamental  stars  is  in  error  to  the  amount  of 
0"-06. 

The  variation  may  be  due  to  accidental  error  of  observation, 
but  the  uniform  progression  and  the  small  probable  errors  of 
the  results  render  this  hypothesis  somewhat  improbable. 

No  correction  for  flexure  has  been  applied  to  the  observa- 
tions and  it  may  be  supposed  that  the  variation  is  due  to  a 
progressive  change  in  tlie  flexure  constants.  Nearly  forty 
years  ago  W.  Struve  adopted  this  as  the  explanation  of  an 
apparent  annual  variation  of  0'''06  in  the  latitude  of  Dorpat. 

*  Oomputed  with  the  flDallj  adopted  elemento  of  the  motion  of  the  pole. 
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Bnt  in  the  present  case  the  sine  flexure  is  eliminated  bj  ffiving 
eqnal  weight  to  the  obeervationa  of  stare  on  opposite  sides  of 
the  zenith  in  the  reduction  of  each  niffht's  work,  and  the  co- 
sine flexure  is  commonl;  supposed  to  be  eliminated  from  the 
mean  of  observations  made  Circle  W.  and  Circle  E. 

I  know  of  no  other  reasonable  hypothesis  to  adopt  in  this 
connection  except  that  of  an  actual  change  in  the  latitude,  bnt 
before  coming  to  any  conclusion  it  will  be  well  to  consider 
another  set  of  latitude  detenninations  which  are  available. 
The  latitude  of  Madison  was  tirst  determined  in  1873  by  of&- 
cers  of  the  U.  8.  Coast  Survey,  employing  the  Talcott  method, 
and  Bince  that  date  five  other  determinations  have  been  made 
by  the  same  method.  The  final  resalts  of  these  determinations 
are  contained  in  the  following  table : 


^ 

Pwiodfc 

Comcted 

D»W. 

ObB-r.      ObB. 

Pairs. 

SeoondB  of  Lat. 

Timn. 

Latitude 

1873-62 

B.          60 

12 

36'-24  ±0'.05 

+  0M5 

36'-a9 

81-64 

C.           26 

16 

36  58   ±     -13 

+     -17 

36-75 

B4-G0 

C.  &  H.  72 

11 

36  98   ±     -OB 

-     -03 

36-96 

89-33 

T.           84 

15 

87-36  ±    -14 

-     -23 

37-13 

90-60 

T.          53 

11 

3717  ±     -09 

—      03 

37-14 

91-60 

C.           49 

13 

37-21   ±    -06 

-     -02 

37-19 

The  latitudes  determined  in  1884,  '90  and  '&1  are  from  obser- 
vation of  substantially  the  same  pairs  of  stars,  the  other  ];iti 
tudea  are  from  other  stars  but  all  of  the  declinations  employed 
have  been  taken  either  directly  from  the  Berliner  Jahrbneh  or 
from  a  discussion  of  the  data  contained  in  modem  cataloguet 
of   jirceisinn   rei1iKX*d  hv  the  apiilic 
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a^^reeing  more  closely  than  could  be  expected  with  the  varia- 
tion indicated  by  the  meridian  circle,  while  the  several  latitudes 
from  which  the  annual  variation  is  derived  show  the  following 
astonishingly  close  agreement  when  reduced  by  it  to  a  common 
epoch : 


Date. 

Latitude. 

18900. 

Weight. 

V. 

1873-6 

43^ 

4' 

37"-10 

4-0 

— 0"-03 

81-6 

37-11 

0-6 

—     -02 

84-5 

37-19 

1-6 

+      -06 

89-3 

37-16 

0-5 

+      -03 

90-5 

37-12 

1-2 

—     -01 

91-5 

37-13 

2-8 

•00 

Since  these  two  independent  and  dissimilar  scries  of  observa- 
tions indicate  the  same  variation  of  the  latitude  I  conclude 
that  this  variation  is  real  and  I  adopt  for  Madison 

Annual  variation  of  latitude  =  4-0'-043 

If  such  a  variation  as  this  is  actually  in  progress  it  must 
aSect  other  latitudes  and  it  should  be  recognized  at  every 
American  observatory  at  which  there  is  a  series  of  latitude 
determinations  extending  over  a  considerable  number  of  years. 
Unfortunately  very  few  such  series  of  observations  have  been 
published,  the  Naval  Observatory  at  Washington  being  almost 
the  only  institution  from  which  the  retjuisite  data  can  be  ob- 
tained. The  observations  made  here  with  the  mural  and 
transit  circles  liave  been  discussed  recently  by  Prof.  Hall  (A.  J., 
No.  224)  who  concludes  that  "there  is  no  proof  of  a  secular 
change  in  the  latitude.^  So  far  as  this  conclusion  relates  to  the 
meridian  instruments  of  the  observatory  I  concur  in  it,  but 
Prof.  Hall  includes  in  his  discussion  a  comparison  of  the  decli- 
nations of  a  Lyra3  determined  with  the  prime  vertical  transit 
in  the  years  1845,  '48  and  l8r)2-'67,  and  with  reference  to  these 
observations  I  dissent  from  his  conclusion  and  wish  to  present 
in  some  detail  the  evidence  furnished  by  this  instrument  which 
on  account  of  its  extreme  precision  and  its  freedom  from  sys- 
tematic error  seems  entitled  to  far  more  confidence  than  can 
Eroperly  be  accorded  to  the  meridian  instruments.  I  must 
ere  acknowledge  my  indebtedness  to  the  Superintendent  of 
the  Naval  Observatory,  Capt.  F.  W.  McXair,  U.  8.  N.,  ^ho 
has  placed  at  my  disposal  the  manuscript  results  of  unpublished 
observations  made  with  this  instrument  in  the  years  1882-'84. 

I  have  collated  all  the  observations  of  ex  Lyrse,  including 
fifty-eight  made  in  the  years  1846-50,  but  omitted  from  Prof! 
Hall's  data;  have  compared  them  with  Auwers'  declination  of 
the  star  carried  back  to  the  epochs  to  which  the  observations 
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were  reduced  and  from  thie  comparison  and  a  similar  compari- 
Bon  witli  Boss'b  declioation  I  have  derived  the  following  ralDes 
of  the  latitude : 


Seconds  of  Latitude, 


1847'2 
1864-5 

1883-5 


37''2f)       37'-a4 


12: 


8-90 


38-61 


Auwers. 

+  0'-050 
+      -041 


■  -ois 


The  progressive  ctiaracter  of  the  results  is  here  nnmiBtakable 
and  the  Madison  variation  is  confirmed.  But  in  order  that  my 
conclusiona  may  not  be  openio  the  objection  of  resting  upon 
an  assumed  proper  motion  of  a  single  star,  I  have  derived  a 
value  of  the  latitude  for  the  several  epochs  from  all  of  the 
observations  of  fundamental  stars  (Berliner  Jahrbuch).  whidi 
are  available  for  this  purpoBe  with  the  following  result : 


Ifpoch.  No.  of  Stara. 

18470  41 

1864-5  1 


Seconds  ol  Lat 
37'-31  ±0''0i 
38-13  ±  -OC 
38-83  ±      .0£ 


Auwers'  proper  motions  have  been  employed  in  this  com- 
parison, bftt  it  should  be  stated  here  that  there  is  some  uncer- 
tainty in  regard  to  the  proper  motions  employed  by  the 
observers  in  reducing  the  observed  declinations  to  a  mean 
equinox,  since  the  printed  volumes  contain  no  indicarion  of 
these.  It  is  Btated  in  connection  with  the  mural  circle  obeer- 
vations  that  the  proper  motions  there  employed  for  this  pnr- 
werc   fala-li    fl-niii    tin: 'N';iTiti(;al  Alinaniit;  for  lS-18,  audi 
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following  table  in  the  preparation  of  which  I  have  assumed 
that  the  earlier  observations  were  reduced  with  suflScientlj 
accarate  values  of  the  proper  motions  to  require  no  further 
correction.  The  error  of  this  assumption  will  in  some  measure 
tend  to  counterbalance  the  error  made  above  in  the  same  con- 
nection. 

Correction  to  A  u were'  6. 
Star.  1847.  Obs.  1883.  Obs.     1847-1883. 

X  Androm.  +r-09    '     17  — 0'-14  2R  -fl''-23 

Gr.  1450  +1-12  2  -fOOO  24  +0-43 

lOljeo.  Min.  +1-49  2  +0-16  10  +1-83 

31  Leo.  Min.  4-1-79  5  — OSl  28  +2*10 

17  H.  Can.  Yen.      +1-79  3  —0-15  13  +1-94 

TT  Herculis  +1*49  5  +0-18  28  +1-31 

5  Herculis  +1*78  3  —0-26  19  +2-04 

or  Lyrae  +152  192  —0-10  128  +1*62 

10  Lacertae  +1-34  8  —0*12  38  +1-46 

This  comparison  may  be  interpreted  as  indicating  either 
that  the  latitude  of  Washington  changed  to  the  amount  of 
1"'5  between  1847  and  1883  or  that  Auwers'  proper  motion  of 
each  of  these  nine  stars  is  too  great  and  that  the  mean  value 
of  this  error  is  0"'04l.  I  do  not  at  present  see  how  to  draw 
any  other  conchision  and  of  the  two  tne  former  appears  to  me 
the  more  probable  especially  as  it  is  confirmed  by  the  Madison 
observations.     I  therefore  adopt  for  Washington 

Annual  variation  of  latitude    ,     +0"'042 

I  have  searched  diligently  for  other  American  data  to  com- 
pare with  the  above  but  I  have  found  nothing  which  certainly 
contravenes  it  and  but  little  which  confirms  it.  A  comparison 
of  the  latitudes  determined  at  Annapolis  by  Chauvenet  in 
1868  and  by  Brown  in  1883  indicates  an  increase  of  the  lati- 
tude by  V'O  between  these  dates,  but  it  is  questionable  if  the 
observations  are  comparable. 

The  results  at  Cambridge  are  conflicting  as  is  shown  in  the 
following  table  taken  from  vol.  xvii  of  the  Annals  of  the 
Harvard  College  Observatory,  excepting  the  result  for  1845 
which  I  have  aerived  from  a  rediscussion  of  the  original  data 
contained  in  Feirce's  memoir  on  the  Latitude  of  Cambridge. 

Date.  Latitude.                   Method  Employed. 

1845-0  42°  22'  47'-00db0"-19  Prime  Vertical  Transit. 

65-8  47-61^     '08  Zenith  Telescope. 

86*8  47'64db     '02  Almucantar. 

In  my  indgment  no  conclusion  can  be  drawn  from  these  num- 
bers until  the  relative  errors  of  the  several  methods  have  been 
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more  closel;  investigated  than  has  yet  been  done.  For  the 
present  the  only  available  data  eeeme  to  be  contained  in  tbe 
following  table : 

No.  of         Compnt'd 
Statioa.    LoDfituds.  Ann.  7u.  ot  f.  Weight  Detannin'a.  Ana.  Vu-. 

Pulkowa      — SC-a  — O'-0O8  4  8  — O'-O07 

Konigsberg  —20-6  —0003  1  1  — O-OOO 

Washington +  T7-0  +0042  4  1  +0044 

Madieon        +89-4  +0043  4  2  +0-041 

The  longitudes  are  reckoned  from  Greenwich. 

I  have  made  a  leaet  square  solntion  of  these  data  to  determine 
the  most  probable  direction  and  amonnt  of  motion  of  the  pole 
and  find  a  motion  of  0"'O44  along  the  meridian  69°  west  of 
Greenwich.  The  last  column  of  the  table  above  contains  the 
valaes  of  the  annual  variation  at  the  several  stations  computed- 
from  these  elements. 

If  the  elements  of  the  motion  of  the  pole  thus  derived  m 
even  a  rough  approximation  to  the  truth  they  famish  valuable 
indications  of  the  methods  by  which  our  knowledge  may  be 
extended.  In  the  lirst  place  European  observatories  cannot  be 
expected  to  ahow  any  considerable  change  of  latitude.  Obser- 
vations made  there  will  be  chieSy  valuable  for  determining 
the  directioii'of  motion  of  the  pole  and  for  this  purpose  a  care- 
ful comparison  of  the  older  latitudes  witli  modem  dctermini- 
tions  is  much  to  be  desired.  In  particular  the  latitude  deter- 
minations made  at  Dorpat  bv  W.  Struve  in  1824  and  1S27 
.  with  the  meridian  circle  and  prime  vertical  transit  are  for 
this  purpose  probably  the  most  valuable  data  not  jet  utilized. 
I   have   endt'avored  to  euni|i;n'e   tht'^e   with    s'luiih 
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These  methods  as  commonly  applied  require  an  accnrate 
knowledge  of  the  declinations  and  proper  motions  of  the  stars 
bnt  it  is  perfectly  feasible  to  eliminate  both  declinations  and 
proper  motions  and  leave  the  resulting  variation  of  latitude 
almost  if  not  quite  free  from  systematic  error.  To  illustrate, 
nippose  two  stations  to  be  selected  as  nearly  as  possible  on'the 
lame  parallel  of  latitude,  one  in  longitude  70^  west  of  Green- 
wich and  the  other  110°  east  and  let  the  latitudes  of  the  sta- 
tions be  simultaneously  determined  by  zenith  telescope  obser- 
TEtions  of  the  same  pairs  of  stars.  The  diflEerence  of  the 
latitudes  of  the  stations  thus  determined  is  entirely  independ- 
ent of  the  star  places,  and  I  know  of  no  source  ox  systematic 
error  by  which  tnis  difference  can  be  affected  except  possible 
personal  peculiarities  of  the  observers  which  can  be  eliminated 
try  an  interchange  of  observers  if  this  should  be  thought  de- 
sirable. The  periodic  variation  of  the  latitude  would  be 
eliminated  from  the  mean  of  observations  made  at  epochs  six 
months  apart.  An  annual  motion  of  the  pole  of  0"045  will 
alter  the  difference  of  latitude  of  these  stations  by  twice  this 
amount  per  year  giving  a  change  in  the  difference  of  latitude 
amounting  to  1"  in  eleven  years,  a  quantity  which  cannot  pos- 
sibly escape  careful  observations  with  the  zenith  telescope  or 
prime  vertical  transit.  If  similar  observations  be  conducted 
near  the  meridian  20°  east  of  Greenwich  they  will  furnish  the 
best  attainable  data  for  determining  the  direction  of  motion  of 
the  pole.  The  execution  of  this  program,  which  can  be 
effected  within  a  dozen  years,  will  add  more  to  our  knowledge 
of  the  variation,  or  possible  permanence,  of  terrestrial  latitudes 
than  can  be  furnished  by  all  the  astronomical  observations 
that  have  hitherto  ])ecn  made.  By  a  proper  selection  of  sta- 
tions it  will  even  be  possible  within  a  year  or  two  to  test  the 
results  above  obtained.  The  following  pairs  of  stations  ap- 
proximately satisfy  tlic  conditions  above  indicated  and  in  addi- 
tion possess  the  licreat  advantage  that  at  each  one  of  them  a 
good  value  of  tlie  latitude  was  determined  by  the  Talcott 
method  prior  to  1875  : 

Vladivostok,  Lat.  43°  6'-6  Peking,  Lat.  39°  64'-3 

Madison,  Wis.  43    4-6  Columbus.  O.  39   57*7 

Nagasaki,  Lat.  '^2°  43'-4 

Macon,  Ga.  32    50*4 

San  Diego,  Cal.         35>    43-1 

If  these  stations  can  now  be  reoccupied  the  simultaneous 
determination  of  latitudes  at  the  two  stations  composing  a 
group  will  furnish  the  beginning  of  the  program  above  indi- 
catea  while  the  latitudes  thus  derived  will  be  immediately 
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available  for  comparison  with  the  earlier  determiDatioDs.  I 
know  no  reason  to  suppose  that  the  determinations  of  latitude 
already  made  at  the  other  stations  are  less  precise  than  that  it 
Madison  and  a  rediscussion  of  this  determination  has  sbon 
that  hy  the  aid  of  improved  star  places  the  latitude  referred  to 
Auwers'  declination  system  is  determined  for  the  epoch  1811 
with  a  probable  error  of  0"'05.  If  the  same  degree  of  pte- 
cision  obtains  at  the  other  stations  a  new  set  of  determiiu- 
tions  in  1892  would  furnish  for  a  single  pair  of  stations  i 
value  of  the  annual  motion  of  the  pole  witn  a  probable  errot 
of  only  0"003. 

But  little  difficulty  will  be  experienced  in  secnring  new  de- 
terminations at  the  American  stations.  I  will  myself  become 
responsible  for  the  observations  at  Madison,  and  it  is  probable 
that  upon  a  proper  presentation  of  the  case  being  made  to  the 
Superintendent  of  the  Coast  and  Geodetic  Survey  the  obserw- 
tions  at  Columbus  and  Macon  or  San  Diego  will  be  nnder- 
taken  by  that  organization.  To  secure  the  reoccnpation  of  the 
Asiatic  stations,  however,  is  a  very  different  matter,  for  whidi 
concerted  action  of  some  kind  will  probably  be  necessary,  and 
it  is  with  a  vietv  to  securing  such  action  that  I  present  thii 
paper  to  the  Section  for  discussion. 


Akt.  LII. — On  the  Capture  of  Co/nets  hy  Planets,  tspedaUy 
their  Capture  hy  Jupiter;  by  H.  A.  Newton. 
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comets  if  unperturbeA     Evidently  an  equal  number  cross  the 
Bmrface  S'  entering  the  sphere  in  each  unit  of  time. 

If  now  01  be  the  angle  which  the  comet's  unperturbed 
motion  is  making  with  the  planet's  motion,  and  if  v^  or  its 
eqnal  v/y/2,  be  the  planet's  velocity  in  its  orbit  about  the  sun, 
then  r,  =  it;'[3— 2  v2  cos  cd].  The  element  rfS  may  be  taken 
to  be  the  elemental  zone  between  the  two  small  circles  whose 
common  pole  is  the  planet's  quit,  and  whose  distances  from 
the  planet's  quit  are  a>  and  o+r/o.  Then  dS  =  27r  B\n  w  do}. 
The  number  of  comets  entering  S'  in  a  unit  of  time  with  quits 
within  that  elemental  zone  will  be 

invy*  X  2  ;r  sin  g?  doo  =,  (3  —  2  a/2  cos co)  sin  g?  doo. 

The  integral  of  this, 


2^2 


•  /  (3 — 2  ^2  cos  co)  sin  oo  dco  =  -jTrnu/', 


expresses  the  total  number  of  comets  that,  under  the  hypothe- 
ses that  have  been  made,  would  in  a  unit  of  time  enter  the 
sphere  8'. 

31.  If  we  compare  the  two  expressions  obtained  in  Arts.  27 
and  30  we  find  that  the  number  of  comets  which,  in  a  given 
period  of  time  come  nearer  to  the  sun  than  r  is  to  the  nuin])er 
that  (unperturbed)  come  nearer  to  the  planet  than  r'  as  6r*  is 
to  Tr^'.  The  factor  ^  expresses  the  increase  of  numbers  caused 
by  the  planet's  motion  in  its  circular  orbit  The  value  of  r\ 
as  has  been  said,  must  not  be  too  small,  nor  yet  must  it  be  very 
large. 

32.  In  order  to  determine  the  number  N  of  comets  which  in 
a  unit  of  time  will  have  their  periodic  times  reduced  below  a 
given  period  we  may  make  use  of  the  isergonal  curves  repre- 
sented in  Figs.  2-18.  Although  the  diagrams  were  not  con- 
structed to  exhibit  the  motions  of  the  bodies,  yet  they  may  be 
utilized  for  that   purpose.     Let  OH  be  the  tangent  to  the 

1>]anet'8  orbit,  O  the  place  of  the  planet  considered  at  rest,  and 
et  the  plane  HOE  contain  the  shortest  line  d  between  the 
two  orbits.  This  d  will  be  the  abscissa  of  the  point  at  which 
the  comet's  unperturbed  orbit  will  cut  the  plane.  The  ordi- 
nate of  the  same  point,  produced  if  necessary,  will  be  the  pro- 
jection of  the  comet's  path  upon  the  plane  HOE,  and  the 
comet's  path  makes  with  the  plane  the  angle  0.  The  velocity 
of  the  comet  perpendicular  to  the  plane  will  be  Vq  ^^^  ^-  ^y 
reason  of  the  hypothesis  that  the  comets  are  equably  distribu- 
ted, the  points  of  intersection  with  the  plane  HOE  will  be 
equably  distributed  over  the  plane.     Hence  the  number  of 
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comeU  wlioge  quite  are  id  the  element  dS  of  the  celertial  ipbcn 
and  that  will  pass  the  planet  in  a  unit  of  time  in  aach  a  n; 
as  to  have  their  periodic  times  reduced  below  a  f^ven  peiiod 
will  be  eqaal  to  tbe  area  inclosed  in  the  corresponding  ieerm- 
nal  carve  mnltiplied  by  the  velocity  perpendicular  to  Uh 

plane,  V|)8iii  6,  and  by  the  factor  -7—.     If  <§)  is  the  Bemi-mijor 

axis  of  the  orbit  for  the  limiting  periodic  time,  the  area  of  tba 
corresponding  isergonal  curve  will  be  (Art.  17). 

sin  A  ,'     \    ?       ,•;;• 

For  (/S  we  may,  as  before,  take  Sn-sinivf/w,  and  we  shall  then 
have 

irn  f     .       r4m»@'        /2tn@coafl        wXH  , 

The  integration  miiat  extend  throngh  the  positive  values  of 
the  quantity  in  square  brackets  beginning  at  at  =  0.  [In  cut 
oi  =  0  gives  a  negative  value  for  tlie  qaantity  in  sqaare  brack- 
eta  we  must  integrate  between  the  two  values  of  at  correeponil- 
ing  to  the  zero  value  of  the  bracketed  quantity,]  We  mij 
make  S  the  independent  variable  by  the  equations 
»ds=  v2  sin «(««),  W(\/2  =  «jj,  and  2«co8l?  =  1— **. 

These  give : 

N  =  iw/[,«.-(^=^)>. 

33.  If  now  wc  require  the  number  of  comets  which  in  etek 

of  time  eliall   [ki^s  the   plarn't  in   such  way  as  that  they 
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35.  If  Japiter  is  the  planet,  m  =  yqVtd  ^^^  ^^  ^"^7  express 
these  ratios  as 

1  000  000  000:126  :  839: 1701  :2670. 

That  is,  assuming  the  hypotheses  of  Art.  26,  and  regarding  the 
planet  as  withont  dimension  so  as  to  intercept- any  comets,  if 
%n  a  given  period  of  time  a  thous,and  million  comets  come  tn 
parcSbolic  orbits  nearer  to  the  sun  than  Jupiter^  126  of  them 
will  have  their  orbits  changed  into  ellipses  with  periodic  timss 
less  than  one-half  that  of  Jiipiter  ;  889  of  them,  will  have  their 
orbits  changed  into  ellipses  with  periodic  times  less  than  that 
of  Jupiter :  1701  of  them  will  have  their  orbits  changed  into 
dlipses  with  periodic  times  less  than  once  and  a  half  times 
that  of  Jupiter ;  and  2670  of  them  will  have  their  orbits 
changed  into  ellipses  with  periodic  times  less  than  twice  that  of 
Jupiter, 

36.  Another  and  perhaps  a  more,  important  inquiry  is  this, 
what  eflEect  have  the  perturbations  of  the  planet  in  bringing  or 
not  bringing  the  comets  to  move  in  the  same  direction  that 
the  planet  is  moving  after  the  comets  have  by  perturbation  had 
their  periodic  times  largely  reduced.  For  simplicity  and  as  a 
special  example  I  shall  consider  the  action  of  Jupiter  only, 
and  also  only  his  action  upon  those  comets  whose  periodic 
times  are  reduced  to  be  less  than  Jupiter's  period,  the  original 
orbits  of  the  comets  being  parabolic.  In  other  words,  how 
many  of  the  839  comets  which  are  reduced  (Art.  35,)  to  have 
periodic  times  less  than  Jupiter's  period  will  after  perturbation 
nave  goals  distant  less  than  15°,  30°,  45°,  etc.,  severally  from 
Jupiter's  goal? 

37.  Let  BA,  Fis^.  19,  be  drawn  to  represent  v,  and  CA  to 
represent  'y,v/2.  With  A  as  a  center  and  AB  and  AC  as 
radii  describe  the  semicircumferences  BLO  and  CHG.  Let 
the  angle  BAH  be  made  eciual  to  <o  and  BH  be  drawn ;  then 
HA  wul  represent  the  comet  s  velocity  about  the  sun,  BA  the 
planets  velocity  about  the  sun,  and  therefore  HB  the  comet's 
velocity  v^  in  its  orbit  about  the  planet  before  perturbation. 
About  B  as  center  describe  the  semicircumference  KHT. 
Since  the  relative  velocity  after  as  well  as  before  perturbation 
is  equal  to  HB,  therefore  the  velocity  of  the  comet  about  the 
8un  after  perturbation  will  evidently  be  represented  by  a  line 
drawn  from  some  point  in  the  semicircumference  KHT  to  A. 
If  the  velocity  is  increased  the  new  velocity  will  be  represented 
by  a  line  to  A  from  some  point  in  the  arc  KH,  if  diminished 
by  a  line  to  A  from  some  point  in  the  arc  HT.  If  the  new 
velocity  is  less  than  the  planet's  velocity,  and  so  the  new  com- 
etic  period  less  than  the  planet's  period,  the  new  velocity  will 
be  repreeented  by  a  line  to  A  from  some  point  in  the  arc  £T. 
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If  in  a  diaenm  c?astrneted  for  m  =  BAH  the  isergona!  cDm 
be  drawn  for  a  =  r".  ib.sie  comets  for  which  d  xnA  h  reproeot 
point?  wiihin  thit  i^rsi'tul  cnrve  will  after  pertDrbitioD  fun 
velocities  represented  \>j  lines  drawn  from  points  in  ET  to  A, 
vhile  comets  for  which  </  and  h  represent  points  onteide  tlut 
isei^^nal  onrve  will  after  pertanMtioo  hare  directione  of 
motion  Ttpresenteii  bv  linee  drawn  to  A  from  points  id  EHL 


n*. ». 


The  number  vi  e 
A  fn-ir.  ]v.ini!j  : 
ii^rfftinjl  curre  ; 

airer  perinrl>a:!  .■■! 

:Le  *a:ue  t:;iie  lave  _-<*•  will  be  morimr  in  lines  directed  to 
A  :r'.--u  ]s>:tiij  i:i  :::f  .irti  '»nnded  by  the  straieht  lines  SA 
i2.i  AF.  iini  :;.e  an-*  FD  and  DS. "  Let  w  receive  an  incre- 
Taen:   ■J»=\l'-.   i.:A  '.<-'.  i  new   j^emici renin ference   be  dinni 


me:?  having  morions  represented  bv  lines  ti» 
I  ET  will  i>e  proportional  to  the  area  of  the 
=  /■.  Lei  the  anarle  BAS  represent  a  limit- 
=Ur.oe  •:•;  -laiis  of  oometf  from  Japiter'ii  quit 
The  comets  which  are  thus  limited  and  « 
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AFDS  will  give  the  number  of  comets  which  in  a  unit  of  time 
will  pass  the  planet  in  such  a  way  as  to  have  @<r  and 
<w'<BAS.  When  the  elemental  area  does  not  extend  from 
the  arc  D8  to  the  line  BA,  the  area  of  another  appropriate 
isergonal  curve  is  to  be  used  in  determining  0, 
By  Art.  17  we  have 


*=.m'[4@«-(@^z@f:y]. 


For  the  elemental  areas  of  the  surface  AFDS  which  end  on 
the  arc  DS  we  make  @  =  /*,  and  let  0^  be  the  resulting  value 
of  * ;  then  n»^  =  7r//i';*\4-i<'). 

For  elemental  areas  that  end  on  the  radius  AS  the  values  of 
@  on  that  line  are  functions  of  8.  To  compute  them  let  v'  be 
the  comet's  velocity  in  its  orbit  about  the  sun,  and  hence  equal 
to  the  distanc^  of  the  point  on  AS  from  A ;  then,  by  the  tri- 
angle of  velocities 

Again  by  the  laws  of  gravitation, 


"'H'-Q"'- 


T  /  ^ 

Hence  «' = 3  —  --  —  2  i/  2 — —  cos  qd'\ 

@     3-«'-2  cos'  fi?"=fc2  cos  Qol'ia'—  sin'  c»")* 

Qi*  ^_  ^^ . .      .._     -    -  —   -— -  —  —  —  - 

r^  9-8cos''g;"~6«'  +  «* 

Let  *'  and  *"  be  the  two  values  of  *»  obtained  by  substituting 
in  *  these  values  of  @,  i»"  representing  the  value  for  the  point 
nearer  to  A. 

39.  If  w"  =  90°,  and  therefore  cos  lo"  =  0,  we  have  along 
the  limiting  line,  the  two  values  of  @  equal,  hence 

—  := 5,  and  <^  =-n ttjj 

r      3-5''  s^^—sy 

so  that  the  number  of  comets  having  quits  less  than  90°  from 
Jupiter's  quit  and  @</'  is 


V2 

=  ^^^^^'— (7  +  >y/2)=:'7012  TrnvmW 


nnvjfi^r' 


Since  the  whole  number  of  such  comets  is  (Art.  33J  equal  to 
•926  TTOVwV,  the  number  of  comets  the  distance  of  wnose  quits 

Am.  Jour.  Soi.^Third  Sbries,  Vol.  XLII,  No.  253.— Dboembbr,  1891. 
33 


486      H.  A.  Newton— Capture  of  ComOt  by  PUuutt. 

from  Jupiter's  aiiit  is  between  90°  and  180°  is  '224  imimiV. 
Tlie  number  of  tne  comets  for  which  @<r  that  have  inclini- 
tiouB  to  the  ecHptic  lees  than  90°  ie  to  the  number  thst  hsve 
inelinatioDB  greater  than  90°  as  701  is  to  224.  Of  the  83t< 
comets  apohen  <^'in  Art,  36,  203  will  after  perturhalion  haw 
retrograde  motions,  and  636  will  have  direct  motions. 

40.  If  a>"  JB  lees  than  90°  the  expreseion  to  be  integrated  io 
order  to  cover  the  area  SAFD  will  ne 


/•ini."       ^sinju"  nl 

M<+  /{*o-*')(fo  +  /*"(fo. 
^^2-1    *'iinu"  ''Binu" 


If   at"  is   greater   than   90'    the   corresponding  expressiwi 
becomes 

/"i  BID  Jti"  m  »in  Ju" 

As  the  value  of  (S  introduces  into  t''  and  «"  only  one  radical 
in  »,  and  that  a  radical  of  the  second  degree,  these  integrations 
are  possible.  Finite  summation  is  however  more  convcnieni 
Computing  the  values  for  each  interval  of  15°  we  construct  the 
following  table.  The  first  column  indicates  the  interval  in  values 
of  at" :  the  second  column  gives  that  coefficient  of  Jw/ivrnV  that 
must  tw  used  to  obtain  the  number  of  eomota  which  in  a  unit 
of  time  will  [wss  perihelion  nearer  than  Jupiter's  distance  to  the 
sun,  shall  also  have  their  periodic  times  reduced  to  be  lees  than 
Jupiter's  period,  and  shall  also  leave  Jupiter's  vicinity  so  thit 
the  distance  Iwtwecn  the  quits  of  the  two  bodies  is  between  the 
two  values  ill  column  I:  the  third  column  indicates  the  distri- 
bution of  the  839  comets  of  Art  3t>  thruiigh  the  twelve  zones. 

Table  III. 
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from  Jupiter's  quit,  while  only  88  of  them  have  quite  within 
45^  of  Jupiter's  goal. 

41.  Table  III  gives  the  distribution  of  the  comet  quits  rela- 
tive to  Jupiter's  quit.  It  may  also  be  used  to  determine  how 
many  of  tne  comets  whose  orbits  are  thus  changed  shall  have 
an  inclination  to  the  plane  of  Jupiter's  orbit  less  than  a  given 
angle. 

Let  the  an^le  be  30°.  Let  Q  be  Jupiter's  quit  on  the  celes- 
tial sphere,  Q'  the  comet's  quit  and  S  the  sun's  position  as  seen 
from  Jupiter.  Then  in  the  triangle  QQ^S  put  a;"  for  QQ'  the 
distance  of  the  quits.  The  side  QS  =  90°,  and  QSQ'  will  be 
the  inclination  of  the  orbits.  Represent  this  angle  by  i  and 
the  angle  Q'QS  by  rj.     Then  ffin  jy  =  cot  lo"  cot  i. 

Let  two  small  circles  be  drawn  about  Q  at  distances  a;"  and 
w^^+dio"  then  if  (ho''  be  made  15°  the  nuinbei*s  in  the  second 
or  third  colunms  of  table  III  indicate  how  many  quits  are  in 
the  several  zones  of  15°  on  the  celestial  sphere.  These  may 
be  distributed  at  smaller  intervals  than  15°  by  known  processes. 
All  the  quits  that  lie  in  the  lune  between  two  semicircles 
drawn  through  S  so  as  to  make  angles  of  30°  with  QS  will  evi- 
dently have  orbits  inclined  less  than  30°  to  Jupiter's  orbit. 
From  ft>"  =  0  to  lo"  =  30°  all  the  quits  are  included  in  the  lune. 
From  oi"  =  30^  to  to"  =  90°  we  compute  tj  from  the  equation 
9in  7]  =  cot  (o"  cot  Si)°  ;  then  the  portion  of  the  quits  in  any 
elemental  zone  that  fall  in  the  lune  is  to  the  whole  number  of 
quits  in  that  elemental  zone  as  this  value  of  ^  is  to  90°.  These 
may  be  summed  by  finite  summation,  and  the  result  is  that 
among  the  839  comets  257  would  move  in  orbits  inclined  less 
than  30°  to  the  orbit  of  Jupiter 

42.  If  a  like  summation  be  made  for  the  equal  lune  that 
contains  Jupiter's  goal  we  find  51  to  be  the  number  out  of  the 
839  comets  which  move  in  orl)it8  inclined  more  than  150°  to 
Jupiter's  orbit.  That  is,  jffometv/iat  inove  thin  five  tivaeH  as 
many  of  the^ie  cornet  A  tnove  in  direct  orbits  inclined  less  than 
30°  to  Jupiter'' s  orhit  as  move  in  retro(jrade  orhits  inclined  less 
than  30°  to  Jnjni^trs  orhit. 

43.  The  comet  has  been  thus  far  considered  as  approaching  Ju- 
piter while  moving  in  a  parabolic  orbit  about  the  sun.  If  the 
comet  however  is  moving  in  any  other  orbit,  and  it  passes  near 
to  the  planet,  the  result  of  the  planet's  perturbing  action  will 
in  general  be  quite  similar  to  the  result  when  the  orbit  is  para- 
bolic, the  other  circumstances  of  the  approach  being  assumed 
to  be  alike  in  the  two  cases. 

44.  These  are  perturbations  during  one  transit  past  the  planet. 
But  the  comet,  unless  the  orbit  is  further  changed  by  another 
planet,  must  return  at  each  revolution  to  the  place  where  it 
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encountered  Jupiter.  At  aonie  time  Jupiter  will  be  nigb  that 
place  nearly  at  the  Ramc  time  a?  the  comet,  and  the  comet  will 
suffer  a  new,  and  perhaps  a  large  perturbation.  Its  periwi 
will  again  be  changed,  being  shortened  or  lengthened  accord- 
ing as  the  comet  passes  Iwfore  or  behind  the  planet.  Thif 
process  will  be  repeated  again  and  again,  since  after  any  nnm- 
lier  of  encounters  the  new  orbit  of  the  comet  will  atill  pas^ 
near  to  tlie  orbit  of  the  planet. 

This  repeated  action  makes  it  poesible  to  have  an  oHiit 
shortened  m  period  by  several  passages  near  to  .Tupiter  instemi 
of  its  being  done  at  one  passage.  A  mnch  larger  proportion 
of  comets  than  839  out  of  1 ,00u,000,000  might  therefore  havt^ 
their  periodic  times  rcdnced  below  the  [wriod  of  Jupiter. 

43.  If  the  comet's  orI)it  is  largely  inclined  to  the  ecliptic  and 
lience  iM  motion  makes  a  large  angle  with  that  of  Jupiter  tbc 
diagrams  figs.  li'-18  show  that  there  is  nearly  an  even  ehaiioc 
that  the  velocity  will  be  increased  or  diminished.  A  consider- 
able fractional  part  of  the  whole  number  of  such  comets  will 
at  each  passage  be  thrown  out  of  the  solar  system  altogetlier,  or 
thrown  into  such  long  orbits  that  they  will  return  only  ai 
very  great  intervals  of  time.  This  class  of  comets  cannot  be 
therefore  regarded  as  |>ermanent  members  of  the  family  of 
short  jjeriod  comets,  except  snch  of  them  as  happen  to  come 
so  near  to  other  planets  as  to  have  tbeir  orbits  cbanged  in  .inoli 
wise  that  they  «lo  not  have  thereafter  the  near  approach  to 
Jupiter's  orbit.  But  when  an  orbit  is  greatly  inclined  to  the 
plane  of  the  solar  system  the  comet  pa^es  through  the  plane  in 
general  at  a  considerable  angle  and  the  chance  of  coming  close 
tn  aiiutlier  iilanet  is  relativdv  ^^ninll. 
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and  become  permanent  members  of  the  Boiar  system,  will  as  a 
rule  (but  with  exceptions)  move  in  orbits  of  moderate  inclina- 
tion to  the  ecliptic,  and  with  direct  motions. 

We  know  as  a  fact  that  most  short  period  comets  do  move 
in  orbits  having  small  inclinations  and  direct  motions,  while 
long  period  and  parabolic  comets  move  at  all  possible  inclina- 
tions to  the  ecliptic.  If  the  short  period  comets  have  been 
changed  by  Jupiter  and  other  planets  from  parabolic  orbits, 
the  preceding  investigation  shows  why  their  orbits  have  now 
small  inclinations  to  the  ecliptic,  and  the  comets  themselves 
have  direct  motions. 


Art.  LIIL — Distribution    of'   lltainc    Oxide   upon  the  sur- 
face of  the  Earth  ;  hy  F.  P.  Dunningtox,  University  of 
Virginia,  Charlottesville,  Va. 

At  the  Ann  Arbor  meeting  of  the  Association  for  the 
Advancement  of  Science  in  1885,  I  read  a  short  paper*  which 
considered  the  occurrence  of  titanic  oxide  in  considerable 
amonnt  in  certain  soil  of  Albemarle  Co.,  Va.;  and  in  an  article 
publishcdt  in  1888,  by  Mr.  J.  F.  McCaleb  and  myself,  we 
presented  estimations  of  this  substance  in  sixteen  specimens  of 
soil  from  scattered  points  of  the  United  States. 

In  view  of  the  nnfrequent  mention  of  this  element  as  a  con- 
stituent of  rocks  and  the  very  rare  mention  of  its  occurrence 
in  soils,  I  have  endeavored  to  secure  samples  of  soil  and  some 
rocks  from  points  scattered  over  the  earth's  surface ;  and,  includ- 
ing the  before  mentioned  s\xteen,  I  herewith  present  the 
results  of  examining  eighty  specimens. 

The  method  employed  in  the  recent  determinations  is  the 
following:  weigh  into  a  platinum  crucible  one  gram  of  the 
powdered  sample,  ignite,  again  weigh,  then  moisten  with  water 
and  add  2  </r  '5  c.c.  of  hydrotiuoric  acid,:J:  gradually  heat  to 
dryness,  add  about  7  grams  of  sodium  acid  sulphate,  *gradu- 
ally  heat  to  low  redness  for  1  or  2  hours,  cool,  digest  in 
5  per  cent  diluted  sulphuric  acid  for  several  hours,  filter,  to 
liltrate§  add  about  1  c.c.  of  hydrogen  peroxide  solution  and 
compare  the  color  so  produced  with  one  similarly  obtained 
from  a  standard  solution  of  titanic  oxide. 

*Proc.  A.  .\.  A.  S.,  xxxiv.  IH2.  f  American  Chcm.  Jour.,  x,  3G. 

J  This  acid  was  used  l)eforo  seeing  the  article  of  Dr.  Xoyes  in  Jour.  Anal. 
Chem ,  V,  39. 

g  Method  of  A.  Weller:  Berichte  d.  deutsoh.  chem.  GcseU.,  xv,  2592. 
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To  present  a  more  satisfactory  compariBon  with  the  amount 
of  titanic  oxide  in  the  rocks,  the  percentage  on  the  ignited 
soil  is  gifCQ  together  \7ith  that  on  the  air-dried  soil. 

Noe.  (1)  to  (12)  are  all  from  Allieinarle  Co ,  Va.  (1)  is 
dark  red  clay,  from  Carter's  moniitain,  farm  of  Rev.  J.  T. 
Randolph  being  the  soil  from  which  was  formed  a  f nlgerite (fi 
which  lirst  drew  my  attention  to  this  occurrence  of  titaDic 
oxide.  (2),  deep  red  clay,  one  mile  south  of  (1 ).  (3),  red  clay, 
one  mile  north  of  (1).  (■!),  red  clay,  one-half  mile  west  of  (1). 
(5),  light  red  sand,  one  mile  northwcBt  of  (1).  (6),  red  bot- 
tom soil,  one  and  one-half  miles  northwest  of  (1).  (7),  white 
micaceous  soil,  near  McCormick  Observatory,  University  Vs., 
and  three  miles  west  of  (1).  (8),  near  chemical  laWratorv  of 
University  Va.  (11),  mica  schist,  one-half  mile  north  of  {di. 
(10),  deep  red  clay,  ten  miles  southwest  of  (1).  (11),  red  clar 
ten  miles  west  of  (t).  (12),  Diorite,  the  rock  which  is  most 
common  in  the  above  locality. 

Nos.  (18)  to  (17)  are  from  other  (loints  in  Virginia:  No.  (13), 
is  deep  red  clay  from  farm  of  Mr.  J.  Shelton,  LoweBvtlle,  Nel- 
son Co.  No.  (14)  a  dark  gray  clay  from  swamp  on  Rappa- 
hannock River  in  Stafford  Co.  l^o.  (\b),  a  gray  sandy  loam, 
near  Williamsburg,  James  City  Co.  No.  (16),  a  yellow  clay, 
per  Mr,  F.  P.  Brent,  Onaneock  Creek,  Accomae  Co.  No.  (17). 
white  sea  sand,  from  Virginia  Beach,  Princess  Anne  Co.  The 
percentage  of  titanic  oxide  found  in  these  respectively  is  3t 
follows ; 

Air.drieJ.  Air.<trie<i. 

(1)     S'42  (71     '>--1 
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Ind.  No.  (25)  a  gray  day,  per  Dr.  W.  A.  Noyes,*  Terra  Haute, 
Ind.  No.  (26),  a  deep  orange  clay  snb-eoil  per  Prof.  C.  E. 
Wait,  Knoxville,  Tenu.  No.  (27),  a  pinkish  china  clay  from  a 
10-foot  seam,  and  No.  (28),  a  coarse  gray  clay  from  an  18  foot 
seam,  both  per  Mr.  W.  R.  Searcy,  Tascaloosa,  Ala.  No.  (29), 
a  heavy  gray  clay,  per  Mr.  A.  P.  Wright,  River  bottom  soil, 
Bolivar  Co.,  Miss.  No.  (30),  light  red  surface  loam  and  No. 
(31),  a  gray  sub-soil,  both  per  Mr.  Thos.  Dunnington,  Pine 
Bluff,  Ark.  No.  (32),  a  brown  clay,  6  feet  deep,  per  Prof.  W. 
H.  Echols,  RoUa,  Mo.  No.  (33),  a  pale  gray  loam,  per  Dr.  F. 
W.  Traphagen,  Deer  Loclge,  Montana.  No.  (34),  a  gray  alka- 
line soil,  from  Truckee  Valley,  Nevada.  No.  (35),  a  yellow 
surface  clay,  per  Dr.  Manser,  Los  Angeles,  Cal.  No.  (30),  a 
brown  clay,  3  feet  deep,  per  Prof.  H.  E.  Storrs,  Los  Angeles, 
Cal.  Nos.  (37)  to  (40)  were  sent  by  Prof.  E.  W.  Hilgard, 
Berkeley,  Cal.  No.  (37),  upland  red  loam  Station  No.  1226,  from 
Tuba  River  near  Smartsville.  No.  (38 1,  yellow  gray  Mesa  soil. 
Station  No.  1281,  from  Chino  Ranch  Station,  San  Bernardino 
Co.  No.  (39),  "  Red  Mountain  Land,"  Station  No.  188,  from 
a  vineyard  in  Sonora  Co.  No.  (40),  a  red  loam.  Station  No. 
1110,  Thermolite  Colony,  Butte  Co. 

The  percentage  of  titanic  oxide  found  in  these  respectively 
is  as  follows : 


Air-dried. 

Ignited. 

Air-driod. 

Ignited. 

Air-dried. 

Ignited. 

(18)    0-83 

0-88 

(26)    0-46 

0-50 

(34)    0-67 

(19)    0-88 

0-98 

(27)     1-01 

1-12 

(35)    0-72 

0-82 

(20)    1-17 

1-26 

(28)    0-07 

0-76 

(36)    0-49 

0-53 

(21)    0-55 

0-58 

(29)    0-46 

0-61 

(37)    0-77 

0-85 

(22)    0-49 

0-56 

(30)    0-52 

0-62 

(38)    0-72 

0-76 

(23)    0-57 

0-61 

(31)    OCO 

0*t32 

(39)    4-93 

005 

(24)    0-71 

0-76 

(32)    0-57 

0-05 

(40)    0-90 

0-97 

(25)    0-68 

0-62 

(33)    0-44 

0-50 

Average  0*85 

0-98 

Nos.  (41)  to  (45)  are  from  Ocean ica  and  Asia.  Nos.  (41)  to 
(45)  were  sent  by  Prof.  A.  B.  Lyons,  Oahu  College,  Hawaii, 
Sandwich  Islands.  No.  (41),  a  dark  brown  loam.  No.  (4*2), 
a  yellow  brown  loam.  No.  (43),  a  yellow  brown  loam.  No. 
(44),  a  brown  clay.  No.  (45),  a  gray  brown  loam.  No.  (46),  a 
light  gray  china  clay  and  No.  (47),  a  gray  china  clay,  both  per 
Miss  Mildred  Page,  Tokio,  Japan.  No.  (48),  a  piece  of  a  gray 
brick  from  the  Great  Wall  of  China,  per  Kev.  (Jollins  Denny. 
No.  (49),  a  pink  clay  and  No.  (50),  a  yellow  loam  subsoil  from 
the  bank  of  the  Yellow  River,  and  No.  (51)  a  fine  yellow  silt 
from  the  old  bank  of  the  Yellow  River.  The  three  last  speci- 
mens were  sent  by  Dr.  Edgar  Woods,  Tsing-Kiang-Pu,  China. 
No.  (52),  light  red  pottery,  from  Kurrachee,  Sind,  India.     No. 

*  Dr.  Nojes  writes  that  he  has  recently  found  from  '5  to  4*  per  cent  of  titanic 
oxide  in  a  number  of  minerals  from  Arkansas. 
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(53),  dark  brown  cracible  clay  and  No,  (54)  red  famace  clav; 
both  from  Tuinkur,  India.  The  three  last  Bpecimens  were 
sent  by  H,  B.  M's  Secretary  for  India.  No,  (55),  gray  loam 
from  the  shore  of  the  Sea  of  Galilee,  Falestine,  per  Rev.  Col- 
Hnfi  Denny,  of  Vanderbilt  Univereity. 

The  percentage  of  titanic  oxide  fonnd  in  these  respectively 
ifl  ffiven  below,  and  in  making  an  average  the  specimens  (41)  to 
(45)  are  counted  as  one. 


Air-iirjcd. 

I(;nite<t. 

Air-dried, 

Ignited. 

Air-dried. 

IgnLWd 

(4n    4-43 

5--*5 

(47)    0-4O 

O-oO 

(63)    0-62 

o-:3 

(42)   2-40 

3-37 

{4fi)    (J-55 

0'5S 

(64)    0-28 

0-3l» 

(43)   -3 -2  5 

311 

{40)    0:5B 

0-68 

(65)     1-80 

(?)  1*. 

(44)    4 -(10 

4-64 

(50)    0-60 

0-65 

Average    0-90 

1-lf 

(45)    2-18 

3  37 

(51)    0-S4 

0-56 

(46)   0-70 

0-80 

(52)    0-69 

Nor  (5fi)  to  (72)  are  soils  from  Europe. — Nos.  (56)  to  'fi^t 
are  from  Russia  and  were  sent  by  Prof.  Nich,  Meoschutkin. 
Ivaiser.  University,  St.  Petershurg.  No.  (56)  is  a  yellow  sandy 
loam,  "Souglinok."  from  Borovitsky,  Novgorod.  No.  (.iVi. 
dark  ^ray  loam,  Prof.  UocoutschaefE's  type,  "8olonetz"  |har- 
ren  black  earth),  Prilouky,  Poltava.  No.  (58),  brown  gray 
loam,  forest  soil,  Zenkovsky,  Poltava.  No.  (Si)),  dark  gray 
loaiu,  "  Tfichemosem,"  (black  earth),  Prilonki,  Poltava,  No. 
(6(1),  sandy  black  earth,  "  Tschernoeeni,"  Zenkovetsky,  Polkava. 
No.  (61),  black  earth,  "Tscheruoseni,"  Balashoff,  Saratofl.  No. 
(62),  black  earth,  '"  Tschernosein,"  Zoubrilovka,  Saratov.  Na 
(63),  white  porcelain  clay  from  Ilalle,  Prussia.  No.  (64,) 
white   porcelain   cTiiy   from  St.   Yrii'iix    iiciir  ^.iI!l^^'^^i.  FniiCf. 
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This  wide  distribntion  of  titanic  oxide  natmrally  suggests 
the  examination  of  the  rocks  themselves.  I  have  so  far  been 
able  to  examine  only  the  following  typical  rocks,  the  localities 
of  which  have  fnrnished  also  the  samples  for  analyses  already 
published:  (73),  Trachyte,  Kiihlsbrunnen.  (74),  Trachyte. 
(76),  Trachyte,  Dracheufels.  (76),  Hornblende  andesite,  Wol- 
kenbnrg.  These  four  were  from  the  Slebengebirge.  (77), 
Gabbro,  Radauthal,  Harzburg.*  (78),  Melaphyr,  Ilmenau, 
SchneideniuUer-berg.  (79),  Melaphyr,  Plauensclien  Grunde, 
near  Dresden.  (80),  Nosean  phonolite,  Ciistle  Olbriick,  Laacher 
See.     These  afford  the  following : 

TiOs  mentioned  in  published  analysis.        TIG*  found. 

0-22 
0'86 
0-64 
1-14 
0-10 
1-01 
0-36 
0-18 
0-5G 

While  the  frequent  association  of  titanium  with  iron  (as 
indicated  by  the  color  after  ignition),  in  these  soils  points  to 
menaceanite  as  a  source  of  the  titanic  oxide;  yet  the  con- 
siderable amount  of  this  substance  in  some  of  the  clays  and 
rocks  containing  little  iron  suggests  that  it  may  also  result 
from  titanite  which  has  been  observcdf  to  be  widely  dis- 
tributed in  igneous  rocks. 

In  conclusion  I  desire  to  thank  those  who  have  assisted  me 
in  this  work  by  supplying  the  desired  specimens. 

Sept.,  1891. 


(73) 

none 

Zirkel, 

n, 

p.  181 

(74) 

none 

a 

p.  182 

(75) 
(76) 

0-38 

u 

p.  181 

none 

a 

p.  212 

(77) 

none 

u 

p.  lib 

(78) 

0-89 

u 

p.  55 

(79) 

trace 

Zirkel  I, 

p.  584 

(80) 

none 
A 

verage 

Art.  hlV. — JVofes  on  a  Missoxcri  liarlte ;  by  C.  Luedeking 

and  II.  A.  Wheeler. 

A  VARIETY  of  barite  is  found  in  Pettis  County,  Mo.,  that 
presents  peculiar  chemical  and  crystal lographic  characteristics. 
It  occurs  in  clusters  of  simple  and  compound  crystals  that 
individually  are  quite  perfect  and  which  vary  in  size  from  10 
to  200°™  in  length  by  1  to  BO"*"*  in  thickness  and  are  of  tabular 
habit.     The  peculiarity  of  the  crystals  is  the  occurrence  of 

*I  flndio  Bischoff  III,  page  4G7:  Gabbro  from  Rodanthal  bei  Steinbruch,  con- 
tains TiO«— 1-76  per  cent 
f  Dana's  System  of  Minoralogj,  p.  389. 
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white  to  yellowish  thin  bands  in  an  otherwise  normal  coiorlw* 
barite,  and  analysis  shows  that  tliuse  bands  consist  of  a  mixture 
of  the  sulphates  of  bariani  and  strontium  with  slight  amount! 
of  calcium  and  ammonium. 

Two  distinct  types  of  the  banded  crystals  occur,  of  which 
one  type  (A,  B)  is  fonnd  near  Smithton,  while  the  other  type  (C, 
D,  E)  is  found  at  Sedalia,  both  localities  being  within  seven 
miles  of  each  other  in  Pettis  Co.,  Mo.  They  occur  in  daj 
associated  with  ^tona  in  the  lead-hearing  magnesia  limestone 
series  of  Missouri,  which  latter  in  that  locality  aenally  hu 
barite  very  abundantly  associated  with  the  lead  ores. 
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and  pereistently  occurs  in  all  the  Smithton  specimens  that 
have  been  examined  in  relatively  the  same  position  with  re- 
spect to  the  development  of  tlie  crystal,  whether  large  or  small 
in  size.  The  white  coating  that  fringes  the  crystals  is  nsnally 
loperlicial,  as  it  most  frequently  is  found  to  be  underlaid  by  a 
d^  wine-colored  ground  mass ;  in  some  crystals  however  the 
opaque  matter  entirely  replaces  this  latter. 

The  simple  tabular  crystal  C  has  a  clear  colorless  interior 
inclosed  within  a  subtranspareut  wine-colored  band  1'5""  in 
width,  that  is  adjoined  by  a  white  opaque  band  O'S"*'"  in  width  ; 
both  of  these  bands  are  parallel  to  the  prismatic  faces  as  lil^e- 
wise  the  cleavage  crack  shown  in  the  drawing.  The  outer 
ddge  of  this  crystal  is  transparent  but  has  the  slight  bluish 
binjge  indicative  of  strontium. 

The  twinned  group  of  crystals  shown  in  D  have  the  edges 
yi  the  right  rhombic  prism  modified  by  either  one,  two  or 
three  modifications  of  the  macrodome,  and  truncated  as  usual 
by  the  basal  pinacoid  ;  in  this  type  only  the  faces  of  the  prism 
are  coated  with  the  opaque  white  barite,  the  rest  of  the  mate- 
rial consisting  of  clear  colorless  and  essentially  pure  barite. 
The  thickness  of  this  coating  is  variable  on  different  facefr  of 
the  prism,  being  appreciably  greater  on  the  upper  face  in  some 
and  on  the  lower  face  in  other  crystals  and  varying  from  0*2 
to  2*2°*"  in  thickness ;  but  in  every  case  the  opaque  barite  is 
only  found  on  the  prismatic  faces. 

The  crystal  E  is  a  member  of  the  same  cluster  of  crvstals 
from  which  D  wiis  taken.  It  consists  of  only  the  simple 
rhombic  prism  which  is  thinly  fringed  with  white  barite,  but 
on  one  of  the  basal  faces  is  a  series  of  irregular  lines  of  a  fine 
white  pulvenilent  material  that  suggests  the  deposition  of  a 
sediment  on  an  inclined  surface.  A  subsequent  deposition  of 
clear  barite  has  preserved  this  pulverulent  matter  in  sitti. 

An  analysis  of  the  white  barite  showed  it  to  be  somewhat 
variable  in  composition,  but  the  following  gives  its  general 
character. 

Barium  sulphate  .._ 87*2  per  cent. 

Strontium  sulphate 1 0*9      " 

Calcium  sulphate 0*2      " 

Ammonium  sulphate 0*2      " 

Water 2-4      " 


100-9 


The  occurrence  of  ammonium  sulphate  in  barite  is  quite 
novel.  The  amount  seems  to  be  somewhat  greater  in  the  yel- 
low than  in  the  white  variety  by  about  0*1  per  cent  and  is 
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always  very  email,  and  occaBionally  Bcarceiy  appreciable.  The 
isomorpliism  of  ammonium  Bnlphate,  mascagoite,  with  bariu 
is  worthy  of  notice. 

When  the  powdered  wliite  or  yellow  material  is  heated  in  a 
cloEcd  tnbe  an  appreciable  anblimate  of  ammoniam  Eatte  e 
obtained  and  at  the  same  time  an  empyreamatic  udor  \s  notice- 
able. It  was  thonght  that  perhaps  the  sublimate  might  be  (tii« 
to  the  decomposition  of  nitrogenous  organic  matter  by  the 
heat  employed.  Tliat  this  was  not  the  case  was  proved  by  the 
fact  that  it  was  possible  by  cold  extraction  with  water  toobtaio 
very  decided  Xesaler  reactions  for  ammonia.  It  is  therefore 
assumed  by  the  writers  that  the  ammonium  occurs  as  mascajr- 
nite  in  association  with  the  other  sulphates. 

Specimens  of  these  Pettis  Co,  barites  were  sent  to  Mr.  F. 
W.  Clarke,  of  the  chemical  department  of  the  U.  S.  Geological 
Survey,  and  were  kindly  examined  by  Dr.  W.  F,  Hillebrand, 
who  confirms  the  presence  of  ammonia.  Mr,  J.  S.  Diller,  of 
the  U.  S.  Geological  Survey,  also  examined  them  tnicroecopi- 
cally  and  iinds  that  the  opacity  is  probably  due  to  the  presence 
of  myriads  of  cavities  which  seem  to  be  filled  with  air. 

We  wish  to  herewith  express  our  thanks  to  these  gentlemen, 
as  well  as  also  to  Dr.  Hambach  of  St.  Louis  and  Mr.  Sampson 
of  Sedalia  for  samples  famished. 


Art.  LV. — The  Contractivn  of  Mdien  Jiock ;  by  C.  B^akl'S. 
At  thi'  rLM|uest  of  Mr.  Clarence  King  I  made  the  following 
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contraction  of  the  originally  liquid  mass  were  foand  to  be,  for 
instance  (fourth  series):  ()-0771  at  1421°,  0-0760  at  1388°, 
0-0730  at  1319°,  0-0721  at  1305°,  0-0661  (sticky)  at  1190° 
0-0652  (very  sticky)  at  1163°,  -0628  at  1112°,  falling  off  event- 
ually to  0-0285  at  1093°,  0-0223  at  914°,  0-0202  at  855°,  etc. 
Conversely  since  sudden  bulk  contraction  is  a  criterion  for 
solidifying  point,  these  results  lead  to  sharp  values  for  this 
datum. 

Finally,  the  density  of  the  original  (cold)  rock  was  3*0178 
(four  measurements)  and  the  density  of  the  (cold)  glass  after 
tnsion  2  717  (three  measurements).  Now  I  have  been  at  con- 
siderable pains  to  show  that  the  chemical  equilibrium  of  a 
substance  (solid  or  liquid)  varies  with  pressure.  Since,  there- 
fore, the  glass  obtained  by  fusion  is  permanently  homogeneous 
in  character,  structural  rock  texture  is  due  to  pressure ;  i.  e. 
pressure  induces  a  redistribution  of  molecules,  such  that  the 
smallest  specific  volume  possible  under  the  given  conditions 
may  result.  Hence  it  is  permissible  to  conceive  a  solution- 
fusion  mechanism,  in  virtue  of  which,  by  the  mere  act  of 
pressure,  volume  changes  of  an  order  of  even  13  per  cent  may 
present  themselves. 


Art.  LVI. — Notes  on  Michigan  JIhierah  /*  by  A.  C.  Lane, 

H.  F.  Keller  and  F.  F.  Sharpless. 

Contentfl:  1.  Ciiloritoid  [L.  and  K.]  §  1.  Historical  introduction.  2.  Siim- 
maiy  of  results.  3.  Physical  cliaractera.  4.  Cbemical  analysis.  5.  Paragenesis. 
6.  Comparison  with  previous  results. 

3.  Grunerite[L.  and  S.J  g  I.  Historical  introduction.  2.  Physical  characters, 
3.  Chemical  characters.  4.  Comparison  with  other  ferromagnesian  monoclinic 
amphiboles. 

3.  RlEBECKiTE  [L.J     §  1.  Occurrence  and  optica!  character. 

1.    CULORITOID. 

§  1.  This  mineral  has  been  known  to  occnr  in  the  Upper 
peninsula  of  Michigan  for  some  years.  It  was  first  described, 
so  far  as  we  know,  by  Wadsworthf  as  occurring  at  Humboldt. 
It  may  be  found  about  one  thousand  feet  S.  of  the  station  of 
the  D.  S.  S.  and  A.  R.  R.,  and  occurs  in  scales  2°*"  to  4"^"" 
broad.  It  also  occurs  at  points  east  and  west  in  the  same 
range,  e.  g.  the  Fitch  Mine,  S.  24,  T.  47,  R.  28,  and  from  S. 
29,  T.  47,  R.  26.     Recently  we  have  found  it,  in  dark  green 

*  From  the  laboratory  of  the  Michigan  Geological  Survey,  with  the  permission 
of  M.  £.  Wadsworth,  State  Geologist. 

f  BulL  Mu8.  Comp.  Zool.,  vol.  vii,  1880,  p.  45. 
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plates  Beverol  centimeters  broad  and  ap  to  4"™  ttuclc  at  tbe  I 
Champion  Iron  Mine.  Ae  it  was  bo  very  large,  not  very  im- 
pure, and  extremely  like  the  maaonite  from  Natick  village, 
Warwick  townsliip,  S.  I,,  it  seemed  worth  while  to  examine  it 
both  chemicatlj  and  optically.  The  results  have  brought  oat 
some  new  facts,  which  we  feel  jnetified  in  giving  now,  since 
previons  data  have  been  neither  complete  nor  accordant,  eves 
tliongh  we  hope  to  continue  our  investigations  into  the  chlori- 
toid  group. 

§  2.  We  may  summarize  our  reenlts  as  follows.  All  ^e 
Michigan  chloritoids,  ae  well  as  the  masonite,  a  chlaritoid  from 
Pregratten,  one  from  Leeds,  Canada,  and  one  from  the  Apen- 
nines, appear  to  be  optically  the  same.  They  have  the  nsiul 
trichroiBm  and  are  pronouncedly  triclinic.  The  axis  of  mean 
elasticity  {&)  is  inclined  some  20°  to  the  basis  (001),  so  that  of 
the  twin  lamelliv  parallel  to  the  basis,  which  commonly  occur 
in  three  sets,  that  one  has  the  greatest  angle  of  extincticm 
which  is  most  blno  in  color.  The  horizontal  di6per«ion  is 
strong.  Fig.  1  shows  the  lateral  cleavages,  and  a  stereo^^phic 
projection  on  the  basis  of  the  orientation  of  the  optical  axes. 

All  the  chloritoids  that  we  have  tested,  i.  e.  those  from 
Champion,  Pregratten  and  Natick  contain  constitutional  alkalL 
In  this  Inspect,  as  otherwise  in  qnalitattve  composition  they 
resemble  hornblendes  of  like  pleochroism.  Ottrelite  from 
Ottrez  seems  to  be  optically  as  well  as  chemically  different, 
and  less  pleochroic. 

%  3.  The  detailed  description  of 

the  Champion  ehloritoid  is  as  fol- 

,:  lows:  11.6  5.    Sp.  G.  3-552.   CIm- 
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=  66°-\   [P.E.  =  0°-088] 
tpm  =  57°  3 

tpb   =  57°-6  [P.E.  =  0°-374] 
p  :  t  (?  the  best  cleavage)  =  80°i  ±  2°4  (cleavage  faces) 

:6.i^  =83i°;^^I  "  " 

:m;  =84°    +JJ 

These  angles  from  the  basis  to  the  lateral  cleavage  were 
taken  with  a  reflection  goniometer.  The  lateral  faces  gave 
only  a  "  schimmer." 

The  sense  of  the  angle  from  p  to  t^  vi  and  5,  is  still  uncer- 
tain, i.  e.  it  is  possible,  though  not  probable,  that  one  or  more 
of  them  may  be  on  the  other  side  of  j?.  The  angle  from  the 
negative  extmction  to  the  trace  of  A,  in  basal  sections,  is  14° 
[P.E.  =  0°*42].  The  angle  from  the  positive  extinction  to  the 
trace  of  t  should  be,  by  calculation  11°.  Certain  observations 
give  12°'3.  The  directions  of  extinction  in  basal  cleavage 
fragments  vary  from  being  nearly  parallel  to  the  trace  of  t^  to 
being  nearly  perpendicular  to  the  trace  of  J,  which  last  position 
agrees  best  with  the  observations  of  previous  writers.  This 
variation  is  doubtless  due  to  superposed  twinned  lamelloe.  The 
thinner  fragments  which  have  least  signs  of  twinning,  i.  e. 
sharpest  extinctions  and  purest  pleochroism,  give  an  extinction 
angle  about  as  drawn. 

For  t,  i.  e.  in  cleavage  bits  that  have  a  strong  pleochroism, 
blue  to  yellow,  and  appear  to  be  parallel  to  ^,  tlie  extinction 
angle  against  the  trace  of  p  averages  18°'6,  but  there  is  a 
strong  dispersion  of  the  extinction  ;  ex.  p  <^  ex.  v.  Values  as 
high  as  21°  occur  often.  Such  cleavage  fragments  are  very 
frequent 

In  cleavage  bits  that  are  apparently  parallel  to  J,  and  have  a 
pleochroism  from  green  to  yellow,  the  extinction  angle  is 
almost  inappreciable.  A  section  artificially  cut  nearly  per- 
pendicular to  p  and  parallel  to  m  (probably)  gave  an  extinction 
angle  of  8°.  The  best  cleavage  follows  t^  the  next  J,  a  very 
poor  one  w,  and  there  seem  to  be  traces  of  a  cleavage  perpen- 
dicalar  to  h. 

The  refraction  by  the  de  Chaulnes  method  is  about  1'75, 
the  bi  refraction,  judging  from  the  brightest  polarization 
colors,  about  0*007,  not  above  that  of  quartz.  [According  to 
Lacroix  it  is  0*015,  but  doubtless  it  varies  with  the  ratio  of 
Mg:Fe.] 

In  convergent  light  the  positive  acute  bisectrix  emerges 
doubly  obliquely,  i.  e.  so  that  when  the  cross  is  formed,  neither 
arm  passes  exactly  through  the  center  of  the  field  of  view. 
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The  arm  correepoudiiig  to  the  plane  /;?  lies  nearest  tlie  center, 
The  real  obliquity  of  7- appears  to  be  about  17°.  The  dirw- 
tioii  of  Y  from  the  center  of  the  field  of  view,  L  e.  the  nomil 
to p,  makes  an  angle  of  about  IfiO"  with  the  direction  of  ,j;i.  *. 
t p  ^=  150°  circa.  The  optical  angle  does  not  appear  large. 
[According  to  Lacroix  it  is  45°,] 

From  the  double  obliquity  of  the  axial  image  it  follows  that 
the  position  of  formation  of  a  cross  bv  closing  in  of  the  hyper- 
bolae, which  occurs  approximntely  when  ^  is  in  the  direction  of 
one  of  the  principal  planes  of  the  nicole,  will  not  be  a  position 
of  extinction.  The  angle  to  be  turned  varies  but  is  alsrays 
noticeable.  The  formation,  of  the  cross  is  almost  exactly  paral- 
lel to  the  trace  of  i,  and  makes  an  angle  against  the  direction 
of  extinction  of  from  8°  to  11°.  The  a.\ial  image  is  of  conw 
liable  to  disturbance  from  the  twinning. 

The  direction  of  y  from  the  normal  to  p  also  seems  to  malLe 
an  angle  of  about  SO"  with  the  trace  of  i,  (in  the  sense  opposite 
to  thatof  the  angle  Ji!?), 

These  data  harmonize  fairly,  but  not  absolntely,  and  it  uiiut 
be  remembered  that  the  directions  of  extinction  do  not  paa 
exactly  through  y.  By  every  indication,  however,  y  lies  within 
the  small  circle  marking  its  position. 

The  pleochroiem  is  as  usual: — ;■,  yellow;  ^,  blae,  (not  so 
far  as  I  have  noticed  reddish) ;  a,  green.  This  so  far  ae  color  k 
concerned  is  precisely  that  of  certain  hornblende,  appro«ching 
glaucopliane,  which  occurs  in  the  crystalline  schists  and  lust 
cellular  structure  [e.  g.  specimen  No.  11270  of  the  Mich.  tieoL 
Survey.]  The  pleochroism  of  such  hornblende  has  also  l)€eD 
noted  by  Laeroix,     Moreover,  such  hornblendes  like  chlon'toiJ 
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lioi  ratio. 

SiO, 24-29  -4048 

TiO, 0-28  -0036 

A1.0, 3400  -3333) 

Fe.O, 10-55  -0659  1  ^^^^ 

FeO 20-51  -2850' 

MnO trace  

MgO 1-29  0430  ( 

CaO 061  •0152J 

K,0 0-97  -0103 

Na  0 0-35  -0059  5-  -3906 

11,0 675  -3744 

Sura  99-60 

From  these  figures  we  deduce  the  formula  Hj^Fe^Al  Si.O^. 
or  8H,0-7FeO-8Al,()3-8SiO„  which  is  nearly  identical  with 
that  now  generally  accepted  for  sinmondine.*  It  will  be  ob- 
served, however,  that  the  composition  of  our  mineral,  as  we 
have  determined  it,  differs  from  the  published  analyses  of  the 
latter  in  two  respects:  the  iron  is  largely  in  the  ferric  condi- 
tion, and  alkalies  occur  in  notable  quantity.  Since  the  micro- 
scopic examination  of  the  material  revealed  only  traces  of 
sericite,  and  the  magnetite  had  been  carefully  extracted  with 
the  magnet,  it  is  evident  that  the  ferric  oxide  as  well  tis  the 
alkalies  are  essential  constituents  of  this  chloritoid.  The  ferric 
oxide  without  doubt  replaces  part  of  the  alumina,  while  the 
alkalies,  it  may  be  assumed,  are  substitntes  for  some  of  the 
hydroxyl- water.  We  have  reason  to  believe  that  alkalies  have 
been  overlooked  in  many  of  the  former  analyses  of  chloritoid 
and  the  allied  species.  An  examination  of  the  niasonite  from 
Ifatick,  for  instance,  showed  them  to  be  present  to  upwards  of 
two  per  cent — the  soda  predominating — and  a  qualitative  test 
disclosed   small  amounts  of  both  potjish  and  soda  in  the  Pre- 

! ^ratten  occurrence.     The  titanic  acid  in  our  analysis  was  doubt- 
ess  contributed  by  a  slight  admixture  of  ilmenite  or  rutile. 

§  5.  Now,  comparing  our  data  with  those  generally  given, 
we  find  that  all  authorities  agree, — first,  in  the  pleochroism  ; 
secondly,  that  y  is  the  positive  acute  bisectrix;  thirdly,  that 
there  is  a  marked  dispersion,  p<Cy.  Lacroix  also  mentions  the 
horizontal  dispersion.  There  is  a  decided  difference,  however, 
as  to  the  direction  of  the  axes  of  elasticity,  x^  ?  ^^^  ^'  I*  is 
perhaps  worth  noting  that  in  Rosenbnsch's  "  Microscopic 
Physiography "  there  is  a  statement  on  page  494,  that  in 
masonite  the  pleochroism  of  a  is  bhie  and  /3  green.     This  is 

*  Groth,  Tabell.  Uebersicht,  3  ed.,  p.  118. 

Am,  Joua  Soi.-»Third  Series,  Vol.  XLII,  No.  262.— Dbosmbu,  ItSl. 
34 
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not  true  and  we  are  told  to  strike  it  out  in  the  errata,  bnt  tk 
Etatemcnt  may  liave  arieen  from  the  fact  that  ^  is  at  a  mach 
greater  angle  to  tlie  hasa!  cleavage  than  a,  as  we  believe  tba: 
Sanger  was  still  at  work  on  the  cliloritoids  when  he  was  inter- 
rupted hy  hie  last  ilhieBS,  and  never  put  his  work  in  iinal  eliapc 
For,  OH  we  have  seen  in  our  material,  sections  which  show  a 
change  from  blue  to  yellow  are  those  which  have  the  greatest 
extinction,  whereas  according  to  the  orientation  given  in  the 
Phyfiiograpliy  tbey  should  have  no  angle  of  extinction.  The 
ottrelfte  from  Ottrez,  however,  shows  no  marked  difference  of 
color  in  the  different  twin  lamellie  parallel  to  the  basis.  La- 
croix  merely  remarks  that  the  extinctions  are  longitudinal  bat 
much  dispersed. 

The  trielinic  character  of  chloritoid  seems  assured,  for:  (11 
sections  showing  the  pleo<?liroism  of  ^  and  ;-,  i.  e.  perpendicu- 
lar to  a,  have  a  large  and  dis[>ersed  angle  of  extinction.  Con- 
sequently if  monocliuic,  a  must  be.  parallel  to  the  orthodiago- 
nal  h,  inasmuch  as  j9  and  x  ki'(^  inclined  to  the  liasal  cleavage. 
Then  latoial  cleavage  fragments  showing  the  pleocliroiBm  from 
blue  to  yellow  should  also  exhibit  the  directly  perpendicQlar 
emergence  of  a  negative  bisectrix.     This  is  not  the  case. 

(2.)  The  lateral  cleavages  have  not  a  corresponding  syu- 
inetry. 

(3.)  In  a  monoctinic  mineral  the  emergence  of  an  axial  image 
from  a  fragment  due  to  a  solitary  perfect  cleavage  cannot  Ite 
doubly  oblique,  but  when  the  axial  image  is  in  the  shape 
of  u  cross,  one  arm  must  pass  through  the  center  of  the  field 
of  view.  Or,  which  amounts  to  the  same  thine;,  when  the 
-al  is  in  the  jiosition  of  extinction  with  piirallel  light. 
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schist  famoiiB  for  its  large  psendoinorphs  of  chlorite  after 
garnet.  The  most  abundant  impurities  are  ilmenite  and  mag- 
netite. Rutile,  quartz  and  sericite  are  much  less  common.  The 
atialyzed  material  was  examined  under  the  microscope  and, 
though  not  absolutely  pure,  was  but  slightly  contaminated. 
The  chloritoid  is  evidently  averse  to  enclosing  the  brown  mica 
and  chlorite  which  also  occur  in  tlie  rock  and  they  occur  only 
at  its  very  margins.  All  the  Michigan  chloritoids,  so  far  as 
yet  known,  occur  in  altered  arkoses  or  similar  rocks,  in  one 
case  both  in  the  cement  and  in  the  basic  and  acid  pebbles  of  a 
conglomerate. 

2.  Grunkrite  [L.  and  S.] 

§  1.  There  is  a  peculiar  amphibole,  associated  with  certain 
iron  ores  of  Lake  Superior,  which  has  been  called  both  actino- 
lite  and  anthophyllite.  The  latter  name  is  due  to  Brush*  who 
rightly  recognized  that  it  was  essentially  a  silicate  of  Fe  and 
Mg.  He  was  followed  by  Brooks  and  Julien.f  On  the  other 
hand  Wichman:|:  and  Wadsworth§  rightly  recomized  that 
it  was  not  orthorhombic,  and  referred  it  to  actinolite.  They 
were  followed  by  Van  IIise,||  while  C.  F.  Wright  in  some  of 
his  work  called  the  rock  in  which  the  amphibole  occurs  an 
anthophyllo-actinolite  schist. 

§  2.  It  is  in  reality  a  ferro  niagnesian  raonoclinic  amphibole, 
corresponding  closely  to  the  descri|)tion  of  griinerite  given  by 
Lacroix*f.  The  strong  refraction,  like  that  of  epidote,  is  no- 
ticeable, not  only  in  the  thin  section  but  in  the  hand  specimen, 
which  has  in  consequence  a  peculiarly  high  silky  luster.  It  is 
mach  greater  than  that  of  common  blue  green  hornblende  or 
actinolite,  but  less  than  that  of  garnet,  and  by  de  Chaulnes' 
method  is  1*7.  The  bi-refracrtion  is  also  strong.  It  varies  in 
specimens  from  different  localities,  but  is  always  stronger  than 
tnat  of  actinolite  and  docs  not  differ  markedly  from  that  of 
the  talc  into  which  the  mineral  readily  changes,  so  that  y-a  is 
always  >0  030. 

The  polysynthetic  twinning  parallel  to  (100)  is  commonly 
well  marked,  and  with  the  strong  optical  powers  distinguishes 
it  at  a  glance  from  actinolite.  A  striation  parallel  to  (lOl), 
which  should  l>e  more  properly  (001)**,  is  in  one  case  developed. 
The  mineral  is  colorless  or  slightly  greenish  or  brownish,  but 

♦  Rep.  Mich.  Geol.  Survey.  I,  p.  114.  f  Id^^m.  tf,  p.  24. 

1  Report  Wi8.  Geol.  Survey,  III,  p.  G04. 

g  Notes  on  the  Geol.  of  the  Iron  and  Copper  Districts  of  Lake  Superior,  p.  47, 
€i  passim. 

iTbis  Journal,  xli,  1891,  pp.  110  and  1.31. 
iLevj  et  Lacroiz,  "Minerauz  des  Koches,"  1889. 
**Q.  H.  WUliams,  this  Journal,  uziz,  1890,  p.  352. 
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never  more  than  faintly  pleodiroic.  The  anele  from  c :  y  ia 
between  15°  and  20°.  We  endeavored  to  get  the  cnrve  of  the 
extinction  angles  in  the  prismatic  zone,  Sy  revolving  a  fiber 
in  Naehet'B  "cnve  goniometriqne "  filled  with  mono-brom- 
naphthalin.  .Owing  to  the  twinning  the  results  were  not  satis- 
factory bnt  in  a  general  way  the  curve  starting  from  a  0° 
extinction  at  010  rose  with  an  initial  slope  of  about  0*7  nntil 
perpendicular  to  the  cleavage  faces  the  extinction  was  nearly 
20°.     After  that  it  varied  but  little. 

From  these  observations*  and  from  the  i-elative  retardations 
of  pinacoidal  sections  as  manifested  in  their  polarization,  values 
of—  2  V  between  50°  and  80°  are  deduced.  The  specific  gravity 
of  a  specimen  contaminated  with  qnartz  alone  was  foand  to  be 
8-2  to  3-3. 

g  3.  The  purest  material  at  hand  in  enfficient  bnlk  for  analy- 
sis seemed  to  be  some  from  the  Champion  Mine,  after  remor- 
ing  all  the  iron  oxides  from  it.  Unfortanately  the  crushing 
of  a  latter  amount  for  analysis  introduced  unexpected  impuri- 
ties. The  mineral  is  changed  to  talc  in  spots,  and  there  was 
some  entangled  quartz  though  apparently  not  enough  to 
account  for  the  hign  percentage  of  SiO, 

The  following  analysis  whiijli  was  made  on  material  first 
treated  with  the  magnet  to  remove  magnetite,  and  then  bricfi; 
with  HCl  to  remove  martite  and  hematite,  has  therefore  merely 
.a  qualitative  value,  but  shows  very  clearly  by  the  absence  of 
lime  that  the  mineral  is  not  actinohte. 

SiO, 7«SB 

A1,0, 0-56 

Fe.,o  _.   .._ no» 
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magnetita  Grarnet,  common  blae  ^^reen  hornblende  and  brown 
mica  are  associated  with  it  at  times,  marking  stages  of  tran- 
sition to  ordinary  hornblende  schist. 

§  4.  Judging  from  some  slight  variation  in  the  optical  prop- 
erties of  different  occurrences,  it  seems  likely  that  they  are 
not  chemically  identical.  We  really  need  one  general  name 
for  all  monoclinic  ferromagnesiau  amphiboies,  without  regard 
to  varieties  differing  merely  in  the  ratio  of  Mg :  Fe.  To  amphi- 
boies of  this  kind  the  names  antholite,  knpfferite,  silfbergite, 
cummingtonite  and  griinerite  have  been  applied.  The  first 
name,  antholite,  has  been  used  also  for  anthophyllite  and  is 
confined  by  Dana  to  the  very  magncsian  varieties.  Typical 
kupfferite  seems  to  be  chrorniferous,  but  otherwise  practically 
the  same  as  antholite,  though  it?;  physical  relations  to  the 
amphiboies  have  not  been  determined  so  far  Jis  we  know. 
Silibergite*  has  8*39  per  cent  MnO,  as  well  as  30*49  per  cent 
FeO,  and  8*74  per  cent  MgO.     The  name  cummingtonite  was 

Siven  by  Deweyf  to  a  mineral  from  Cummingtou,  Mass.,  which 
e  supposed  to  be  a  kind  of  ej)idote.  There  are  two  minerals 
from  Cummington  which  have  been  taken  for  it,  as  the  original 
description  is  not  very  explicit.  The  one  is  a  ferromagnesiau 
monoclinic  amphibole  in  truth,  with  only  a  mere  trace  of 
MnO,  as  we  have  personally  found.  This  we  also  find  to  be 
very  much  like  our  mineral  but  larger  and  coarser.  It  agrees 
in  luster,  color,  brittleness  and  specitic  weight,  3  2.  The  mineral 
associations,  optical  properties  and  frequent  twinning  are  also 
similar.     It  has  been  analyzed  by  Smith  and  Brush.:|: 

The  other  mineral  is  a  manganese  mineral  akin  to  rhodonite. 
It  has  been  amilyzed  ])y  Miiir§  and  the  name  is  used  in  this 
latter  sense  by  Ramnielsberg,  Groth  and  other  writers  up  to 
the  present  day. 

With  griineritell  there  is  physically  the  closest  agreement. 
Griinerite  however  is  supposed  to  contain  only  about  1  per 
cent  MgO,  and  to  be  somewhat  heavier,  perhaps  also  more  hi- 
re fractive. 

What  the  average  ratio  of  Mg :  Fe  in  tlie  Michigan  amphi- 
boies under  consideration  is, — they  are  of  widespread  occur- 
rence, and  what  their  relations  to  kupfferite,  etc.,  are  questions 
that  require  work  upon  a  large  range  of  authentic  material  to 
settle.  It  seems  indeed  possible,  in  view  of  the  tendency  to 
repeated  twinning  parallel  to  100,  that  anthophyllite  may  be 

♦This  Journal,  xxvi.  p.  157.  f  This  Jouniul,  viii,  1824,  p  59. 

fThis  .Tournal,  xvi,  1853,  p.  48.  gThomson's  Mineraloffie,  vol.  i.  p.  493. 

The  diaeresis  which  dtrictly  Hhoiil<3  be  over  the  u  is  dropped  by  Rammelsbcrg. 
Tschermak,  Naumann,  Zirkel,  Groth  and  Chester,  and  sometimes  bj  Levy  and 
Lacroix  and  Blax  Bauer,  while  Dana,  Lapparont,  I>e8cloizeaux  and  Ramsay  retain 
it 


508    Lane  and  Sharpleaa — Notes  on  Michigan  Minerals. 

dne  to  Buch  molecnlar  or  eabmicroscopic  twinning,  for  sach  a 
structure  would  produce  a  rliombic  symmetry,  Tben  antbo- 
phyllite  and  griinerite  would  be  related,  as  orthoclase  (euhuii- 
croscopic  microcline)  aud  albite,  or  the  two  kindB  of  natrolite. 
Considering  the  unfortunate  ambiguity  of  the  word  com- 
mingtonite,  its  hitherto  more  imperfect  optical  description, 
and  the  greater  length  of  the  word,  it  seems  preferable  to 
denote  the  allied  Michigan  amphibolee  as  grunerite,  pendia? 
further  investigation.  Inasmuch  as  tliey  are  concomitants  of 
the  iron  ores,  it  seems  the  more  proper  to  lay  etrcBS  on  tbe 
Fe.Si.O,,  molecules. 

3.    RtEBEOKITB   OR   CkOCIDOLITB.       [L.] 

Our  knowledge  of  this  group  of  amphiboles  is  rapidly  in- 
crcaeing,  but  it  has  not  yet  been  so  frequently  observed  that  a 
new  occurrence  is  devoid  of  interest,  I  have  observed  it  as  a 
secondary  librous  growth  on  the  primary  hornblende  of  a 
syenite*  It  occurs  much  as  those  fibei-s  do,  that  we  often  see 
in  more  basic  rocks  growing  out  from  patches  of  uralite  into 
the  adjacent  fcldsoar,  and  it  is  worth  noting  that  uralite  patches 
are  often  most  bluish  at  the  margin.  Tne  growths  I  have 
noticed  answer  precisely  to  those  described  by  Cross,!  ™d 
verify  his  observations,  as  I  can  testify  from  a  personal  exam- 
ination of  bis  sections,  which  he  kindly  afforded  me.  Tbe 
vertical  axis  and  orientation  are  parallel  to  those  of  the  original 
hornblende,  but  tbe  angle  of  the  +  extinction  is  very  large. 
aomewliere  about  75°,  above,  to  the  front,  so  that  as  Cross 
notes  the  nearest  extinction  is  on  the  other  side  of  the  vertical 
axis  from  tliiit  nf  ('oiiiiiioii  liurnliletjiie.     Tln^  iihT'i.'hroi-; 
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SCIENTIFIC    INTELLIGENCE. 

•I.    Chemistry  and  Physics. 

1.  On  Thco  new  Modifications  of  Sulphur. — Engel  has  ob- 
served that  if  one  vohime  of  sohition  of  sodium  thiosniphate, 
saturated  at  the  ordinary  temperature,  be  poured  with  continual 
agitation  into  two  vohimes  of  a  sohition  of  liydrochloric  acid, 
saturated  at  i5°-30°  <and  cooled  to  about  10°,  sodium  chloride 
is  precipitated,  and  the  resulting  tliiosulphuric  acid  \»  so  stable 
that  the  liquid  can  be  filtered.  At  first  the  filtrate  is  colorless, 
but  it  soon  becomes  yellow,  the  intensity  of  the  color  increasing 
gradually,  and  sulphurous  oxide  bein<;r  evolved.  If  now,  after 
the  liquid  has  become  deep  yellow  in  color,  but  is  still  entirely 
transparent,  it  be  agitated  with  its  own  volume  of  chloroform, 
the  chloroform  removes  the  yellow  color  ;  and  cm  being  allowed 
to  evaporate,  deposits  oranc^e-yellow  crystals  of  sulphur,  quite 
different  from  the  octahedral  variety.  Friedel  describes  them  as 
rhombohedral  showing  tlu*  cross  and  rings  of  uniaxial  crystals  in 
polarized  light.  The  rhombohedron  is  very  obtuse,  pp  (normal) 
=  40*^  50'.  These  crystals  have  a  density  of  2*1:^5,  greater  than 
that  of  octahedral  sulphur.  At  first  they  are  transparent  but  in 
three  or  four  hours  they  ])ass  into  an  amorphous  insoluble  form. 
They  fuse  below  l()0°,  ]):issing  into  the  j»asty  condition  and 
becoming  partially  soluble  in  carbon  disulphide.  If,  however, 
the  solution  of  thiosul\>huric  acid  in  hydrochloric  acid  be  allowed 
to  stand,  the  sulphur  separates  as  a  yellow  fiocculent  precipitate, 
completely  soluble  in  water.  The  solution  is  yellow,  but  decom- 
poses rapidly,  yielding  the  ordinary  pasty  sul]>hur  of  the  thio- 
sulpbates.  The  original  precipitate  also  agglomerates  and  passes 
into  the  same  insoluble  form,  without  evolution  of  hydrogen  sul- 
phide. These  varieties  of  sulphur  are  probably  ])olymerized 
atomic  forms. —  C  JR.,  cxii,  8G0  ;  ./.  C/iftn.  aSW.,  Ix,  970,  Sept. 
1891.  G.   F.   II. 

2.  ChenilMrij  of  the,  Curhon  co}ii}n)tin(h  or  Organic  Chem- 
istry; by  Victor  vox  Riciitkr,  University  of  Breslau.  Author- 
ized translation  by  Kdgar  F.  Smith,  UniviTsity  of  Pennsylvania. 
Second  American  from  the  Sixth  German  edition.  12nio,  pp. 
1040.     Philadelphia,  IHOl.     (P.  Blakiston,  Son  &  Co.).     • 

The  new  edition  of  this  (*xcellent  text-book  will  be  very  accept- 
able to  students  of  Organic  Chemistrv.  The  introduction  con- 
tains  much  new  and  valuable  matter  upon  the  later  physical  and 
chemical  methods  of  fixing  the  mass  as  well  as  the  structure  of 
the  molecule,  the  sections  on  stereochemical  theories  an<l  the  tau- 
tomeric theory  being  noteworthy.  In  the  special  part.  Class  I  is 
devoted  to  the  Fatty  bodies  or  the  Methane  derivatives  and  Class 
II  to  the  Benzene  derivatives.  The  new  edition  shows  a  large 
introduction  of  new  matter,  the  chapter  on  the  carbohydrates 
having  been  re-written,  the  sections  relating  to  the  tri-,  tetra- 
and   penta-methylene   series   greatly  enlarged,   and    the    whole 
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brought  up  to  date.  Dr.  Smith's  tranBlation  is  clear,  accurate 
and  m  every  way  admirable.  The  Tolume  as  it  now  stands  seemi 
to  ns  one  of  the  best  and  most  complete  text-hooks  in  the  Englidi 
language.  We  regret  sincerely  the  recent  death  of  its  distin- 
guiBhed  author,  who  baa  done  so  much  in  bin  text-books  to  pre- 
sent the  science  of  chemistry  in  a  compact  and  yet  comprebensiTe 
form.  G.  F.  B. 

3.  A  System  of  Inorgama  ChetnUtry ;  bv  William  Ramsat, 
PI1.D.,  F.R.S.,  ProfeBBor  of  Chemistry  in  "UniTersity  College, 
London.  6vo,  pp.  xvi,  700.  Philadelphia,  1891.  fP.  BlakiBton, 
Son  A  Co.). — The  Bystem  of  classification  adopted  in  this  book  ia 
somewhat  remarkable.  "  After  a  short  historical  preface  the 
elements  are  considered  in  their  order  ;  next  their  componnils 
with  the  halogens,  including  the  double  halides  ;  the  oiides, 
sniubides,  selenides  and  telhirideB  follow  next,  donble  oxidet, 
^'ncn  as  Biiljihates,  for  example,  being  considered  among  the  com- 
ponndn  of  the  simple  oxides  with  the  oxides  of  other  elements ; 
a  few  chapters  are  then  occupied  with  the  borides,  carbideB  aad 
silicides  and  the  nitrides,  phosphides,  arsenides  and  antimonides ; 
and  in  these  the  organometallic  compounds,  the  double  com- 
pounds of  ammonia,  and  the  cyanides  are  considered  ;  while  a 
Bhort  acconnt  is  given  of  alloys  and  amalgams."  Special  chap- 
ters are  appended  treating  of  spectrum  analysis  and  of  the 
periodic  law  ;  the  former  chapter  considering  also  the  chemistrj 
of  the  rare  earths.  Since  the  author  tells  us  that  "  no  systeraatir 
text-book  has  been  written  in  English  with  the  periodic  arrange 
ment  of  the  elements  as  a  basis,"  bis  attempt  to  supply  thie 
deficiency  in  the  present  volume  has  resulted  in  the  above  classifi- 
cation. He  criticises  as  ancient  and  arbitrary  the  electrochemical 
line  of  demarcation  between  metals  and  non-metals,  and  rats  that 
loo  great  importance  has  hitherto  been  assigned  to  the  distinction 
lietwe-.-n  acid  hydroxides  and  basic  hydroxides.     Moreover,  the 
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5.  Chapters  on  EUctricity :  An  introductory  text-book  for 
student's  in  College;  by  Samuel  Shsldon.  pp.  351-452.  New 
York,  1891.  (Charles  Collins  and  the  Baker  &  Taylor  Co.).— 
These  chapters  on  Electricity  are  reprinted  from  the  new  (fourth) 
revised  edition  of  Olmsted's  Natural  Philosophy.  They  give  a 
concise  and  systematic  statement  of  the  most  essential  principles 
and  phenomena  in  the  subjects  of  Electricity  and  Magnetism  as 
now  understood.  The  treatment  is  of  necessity  very  brief  but  if 
supplemented  by  the  illustrations  and  ex]>1anations  of  the  class- 
room, the  book  should  give  the  average  student  a  satisfactory 
elementary  knowledge  of  his  subject. 

6.  Apparent  change  in  electrochetnical  equivalent  of  copper, — 
Certain  observers  have  niaintained  that  the  electrochemical 
equivalent  of  copper  changes  with  the  density  of  the  current 
per  square  millimeter  of  the  surface  of  the  electrodes.  J.  Vanni 
shows  that  the  conditions  of  acidity  of  the  bath  produce  the  dis- 
cordant results  obtained  by  previoiia  observers.  When  sulphuric 
aoid  is  present  in  excess,  the  electrodes  are  attacked.  By  making 
a  normal  solution  with  a  definite  proportion  of  free  sul])huric 
acid,  concordant  results  can  be  obtained  with  a  copper  voltameter. 
The  author  gives  results  of  his  experiments  and  shows  that  the 
deposition  of  copper  can  be  employed  with  great  exactness  to 
measure  electrical  currents  if  the  proi)er  care  is  taken  in  forming 
a  normal  solution  without  too  much  acidity. — Ann,  der  Phyaik 
und  Chemie,  No.  10,  1801,  p.  214,  221.  J.  T. 

7.  Electrolytic  generation  of  Gas  in  a  closed  apace. — M. 
Ghabbt  of  the  Societe  de  Biologie  has  succeeded  in  obtaining  by 
this  means  a  pressure  of  1200  atmosj»heres.  The  electrolyzed 
liquid  was  a  25  per  cent  soda  solution.  The  current  had  a 
strength  of  !•}  amperes  and  was  very  constant  during  the  experi- 
ment.— Nature,  Oct.  15,  1^91.  "  j.  T. 

8.  Upon  the  daynping  of  electrical  oscillations. — An  important 
paper  on  this  subject  has  been  written  by  V.  Bjkkknes.  The 
author  discusses  the  niatheniatieal  theory  and  shows  that  the 
multiple  resonance  discovered  by  Sarasin  and  de  la  Rive  can  be 
explained  by  the  phenomena  of  damping.  Their  results  are 
therefore  in  accord  with  the  experiments  of  Hertz.  ^  The  author 
expresses  his  obligations  to  the  work  of  Poincare  (Electricity  et 
Optique,  11,  Paris,  1891). — A7in,  der  Fhysik  und  Chentie,  No.  9, 
1891,  pp.  74-101.  J.  T. 

9.  Velocity  of  Electrical  waves  in  solid  Uisulators. — Avons 
and  Rubens  in  a  previous  article  (Wied.  Ann.,  vol.  xlii,  p.  582, 
1891^,  described  a  method  of  measuring  electrical  waves  in  die- 
lectrics, which  was  an  extension  of  Hertz's  method.  Its  pecu- 
liarity consisted  in  the  employment  of  a  bolometer  instead  of  an 
electric  spark  for  the  observation  of  maxima  and  minima  of 
oscillations.  They  have  extended  their  work  to  an  investigation 
of  Maxwell's  law  connecting  the  dielectric  constant  with  the 
index  of  refraction  of  the  dielectric,  and  find  a  very  satisfactory 
agreement  between  his  theory  and  their  experiments.    Maxwell's 
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law  is  n^=n  where  n  =  index  of  refraction  and  /j^  dielectric 
constant. 

The  results  of  the  authors  arc  embodied  in  the  following  tablt 
(A,  is  wave  length). 


Dielectric.  /i 

Fluid  pnrHfBoe 1-98 

Uooling  parafGno 'lOS 

?jilid  paraffioe 195 

Glnss  I ,.  5'37 

Glass  II 5-91) 

Cnclor  oil _..  4GT 

Olive  oil 307 

Xjlol 9-35 

Petroleum 2(H 

.nil.  lUr  Pht/8ik  tiud  Cfieinie 


.  10,  1991,  i>(>,  206-213. 


:  by  C.   Daviso: 
;or.  SI  I 


IS91.) 
l>aper  are 


II.    Geology. 

1.    On  the  British  E-irthq-takes  of  18i 
Kin},'  Kdward's  High  School,  Binnliigbam,  (G* 
— rThe  more  imjiortant  conchisioiis  of  Prof.  Daviijoii' 
presented  in  the  following  citations  from  ^ages  10,  20  and  2S. 

I  believe  we  may,  with  8i>me  probability,  conclude:  (I)  ihal 
the  Edinburgh  earthciuake  wan  caused  by  a  slip  of  the  fault 
marked  BB  on  the  map,  at  a  spot  vertically  below  the  position 
indicated  for  the  epicentruni,  and  therefore  uot  far  from  the 
middle  of  the  fault,  where,  probably,  the  throw  is  a  maximum 
and  where  earth qitakc-action  has  been  most  frequent  or  most 
intense  ;  (2)  that,  on  account  of  the  simple  character  and  short 
duration  of  the  diHturbance,  the  horizontal  length  of  the  faull 
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Now,  the  Beismographic  records  recently  obtained  by  Prof. 
Milne  and  others  in  Japan  show  that  earthquakes  usually  begin 
with  a  series  of  tremors  very  small  in  amplitude  and  very  ra])id 
in  period,  from  six  to  ei^ht  occurring  every  second,  but  becom- 
ing slower  before  the  shock  takes  place.  These  may  last  for 
many  seconds  or  even  several  minutes.  Following,  and  continu- 
ous with  tbeni,  come  the  sensible  vibrationH,  of  larger  amplitude 
and  longer  period,  about  three  to  five  occurring  in  every  second. 
One  or  more  of  these,  attaining  a  still  greater  amplitude  and 
longer  period,  of  one  or  two  seeondH  each,  constitute  what  are 
generally  known  as  the  principal  shoi'k  or  shocks.  The  earth- 
quake closes  with  vibrations  of  smaller  amplitude,  but  which 
have  a  period  so  long  that  no  record  of  them  can  be  obtained. 
The  earliest  tremors,  on  the  other  hand,  are  not  registered  on  ac- 
count of  the  smallness  of  their  amplitude,  and,  in  all  probability, 
as  Vroi.  Milne  suggests,  the  ''minute  movements  which  have  been 
recorded  are  the  continuation  of  still  smaller  and  more  rapid 
movements  which  ....  have  never  yet  been  rendered  visible." 
It  is  to  these  supposed  rapid  vibrations  which  form  the  front 
portion  of  an  advancing  earthquake,  that  Prof.  Milne  attributes 
the  origin  of  the  earth<|uake-sounds.  We  may  conclude  from 
these  observations  that,  initially  at  any  rate,  the  period  of  the 
vibrations  increases  and  decreases  with  the  amplitude. 

Now,  from  different  parts  of  the  an*a  over  which  a  fault-slip 
takes  place,  there  must  j)roceed  vibrations  differing  greatly  in 
amplitude,  and  therefore  also  in  period.  From  the  central  por- 
tions of  the  slip-area  will  come,  as  a  rule,  the  vibrations  of  largest 
amplitude  and  longest  period  ;  while,  from  the  margins  there 
will  proceed  minute  vibrations  of  a  ]>eriod  so  short  that  they  may 
be  perceptible  only  as  sound.  The  ])osition  of  the  line  separating 
the  marginal  and  central  parts  of  the  slip-area  will  depend  only 
on  the  amplitude  of  the  vibrations  corresponding  to  the  period  of 
the  lowest  sound  that  can  be  heard  ;  it  will  not  at  all  depend  on 
the  amount  of  the  sli])  at  the  center  of  the  area,  /.  e,  it  will  be 
iudependent  of  the  iutennHy  of  the  shock. — p.  10.  This  theory 
explains  (1)  the  fact  that  the  sound-area  is  not  concentric  with 
the  disturbed  area,  and  the  sound-focus  is  nearer  the  surface  than 
the  rest  of  the  seismic  focus  ;  (2)  the  fact  that,  in  great  earth- 
quakes, the  sounds  are  heard  only  within  a  comparatively  small 
area  immediately  surrounding  the  epicentrum. — pp.  20,  21. 

With  one  possible  exception  (that  of  Ben  Nevis),  the  earth- 
quakes of  1889  are  typical  examples  of  British  shocks^-they 
occurred  in  districts  where  earthquakes  are  rarely  felt,  and  their 
disturbed  areas  are  circular  or  only  slightly  elliptical  in  form. 
Turning  to  a  more  distinctly  seismic  area,  Switzerland  for  ex- 
ample, we  find  that  the  disturbed  areas  are  often  extremely 
elongated,  the  longer  axes  being  ])arallel  to  those  of  the  neigh- 
boring Alpine  chain  ;  earthquakes  are  more  frequent,  their  in- 
tensity, as  a  rule,  is  greater,  and  much  larger  areas  are  disturbed. 
Different  stages  in   the  geological   history   of    a    district    are 
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ch&ract«riEed  by  different  kinds  of  e&rthqtukefl.  The  Alpine 
syeU-m  is  not  y«t  old,  fftuU-fnrmatioa  is  atill  in  prof^reM,  &nd  tht 
fault-Blips  are  long  and  frequently  recurring.  Id  Great  Britiin, 
ire  meet  with  a  later  stage.  Fault-formation  in  onr  neismic  siti 
is  more  advanced,  nnd  slipping  takeH  place  so  slowly  and  ow 
distances  so  short,  that  our  earthquakes  are  rare  and  the  areia 
disturbed  by  them  more  or  less  circular  in  form. 

Every  stage  in  the  process,  however,  requires  invegtigatioD, 
and  that  of  which  our  British  earthquakes  are  witness  is  certainly 
deserving  of  attentive  study.  Unattractive  thongh  it  may  be  it 
first  sight,  the  epoch  immediately  preceding  the  death  of  i 
mountain-chain,  is  at  least  as  interesting  to  the  geologist  as  the 
more  vigorous  periods  of  origin  and  growth. — pp.  28,  29. 

2.  On  the  J'hriniition  o/  Graphite  in  Contacf-metamofpkitm. 
— Uraphite  is  found  naturally  in  various  Archean  rocks.  ti«D- 
erally  it  occurs  in  beds' or  pockets,  in  gneiss,  mica  slate,  clat 
slate,  granular  limestone,  etc.  ;  whence  is  obtained  most  of  that 
ustKl  in  the  arts.  Besides  this,  a  second  mode  of  occurrence  cif 
graphite,  which  is  of  great  interest,  is  that  in  which  in  certdn 
Archean  rocks  it  replaces  cither  wholly  or  partially,  the  mica. 
Graphite-mica-schists  are  known,  and  also  graphite-gneisses,  in 
which  the  scales  of  mica  in  ordinary  mica-schists  and  gneis«M 
are  partly  or  wholly  replaced  by  scales  of  graphite  ;  and  a  schi§' 
lose  rock  called  graphite-schist  exists  which  consists  suhstantiallv 
of  grapliite  and  quartz.  Even  moi-e  noteworthy  is  the  occur- 
rence of  graphite  scales  in  granite,  in  place  of  the  usual  mica 
scales.  Brck  and  Luzi  have  now  observed  the  occurrence  of 
beautifully  crystallized  graphite  in  strata  which  have  been  meta- 
morphosed by  contact  with  eruptive  rocks,  and  have  proved  tli« 
these  graphite  crystals  have  originat.ed  in  the  amorphous  coaly 
snbstance  exiRtin<r  oriirinalty  in   the  clay   slates  and    quartiose 
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itered  schists  not  being  over  0*001  ram.  in  diameter.  Moreoyer, 
rell  defined  single  graphite  crystals  were  observed  having  a 
exagonal  contour.  The  Rohrsdorf  quartzite  is  still  richer  in 
[raphite,  and  it  is  more  beautifully  crystallized.  The  rock  itself 
s  seen  under  a  magnifier  to  consist  essentially  of  a  mixture  of 
[oartz  and  graphite,  the  latter  feeling  greasy  to  the  touch  and 
[iving  a  metallic  streak.  Some  of  the  crystals  were  0*3  mm.  in 
liameter.  On  chemical  analysis,  the  chiastolite  graphite  gave 
>8*84  per  cent  carbon  and  0'21  per  cent,  hydrogen  ;  the  quartzite- 
^phite  99*94  per  cent  carbon  and  0*05  per  cent  hydrogen.  In 
»mount  the  quartzite  contains  about  2  per  cent  of  the  graphite, 
t8  density  being  from  2*6*2  to  2*6.*^. — Ber,  Berl,  Chem,  Ges.^ 
:xiv,  1884,  June,  1891.  G.  F.  b. 

8.  Geological  iSurvey  of  Alabama^  E.  A.  Smith,  State  Geolo- 
pBt.  Report  on  the  Cord  3feasi<re8  of  the  Plateau  region  of 
Alahatna,  by  Henry  McCallkt,  including  a  report  on  the  Coal 
Measures  of  Blount  Count}/,  by  A.  M.  Gibson.  238  pp.  8vo, 
rith  a  map  of  the  Coal-fields  and  two  geological  sections  across 
he  Plateau  region. — The  Coal-measures  of  all  the  Plateau  region, 
kbout  4500  square  miles  in  area,  are  here  described  except  those 
rf  the  Warrior  Coal-field  which  were  reported  upon  in  1886. 
Che  region  is  one  of  broad  gentle  undulations  in  the  bedding,  and 
8  divided  bv  wall-sided  valleys  which  are  cut  down  to  the  Sub- 
»arboniferou8  and  inferior  strata.  The  coal  beds  belong  for  the 
arger  part  to  the  lower  part  of  the  coal-measures  and  the  most 
productive  bed,  the  Main  Etna,  2  to  5  feet  thick,  is  below  the 
Lower  Conglomerate  or  Millstone  Grit.  Under  this  there  are  four 
>ther  beds  separated  by  20  to  100  feet  of  shale.  The  Subcar- 
3oniferous  beds,  below  the  coal-measures,  consist  of  a  limestone, 
;he  probable  equivalent  of  the  Chester  group,  resting  on  shales 
ind  sandstone,  in  all  ]>erhapH  1000  feet  in  thickness,  and  under- 
leath  these,  about  400  feet  of  cherty  or  siliceous  limestones.  All 
;here  is  of  Devonian  in  Alabama  is  a  stratum  of  Black  shale  not 
>ver  10  or  15  feet  thick. 

4.  Geological  Suri^ei/  of  Missouri,  Bulletin  No.  6,  Arthur 
WiNHLOw,  State  Geologist.  86  pp.,  8vo. — This  Report  contains 
I  paper  by  Erasmus  Haworth,  on  tlie  age  and  origin  of  the 
srystalline  rocks  of  Missouri,  and  another  by  G.  E.  Ladd,  on  the 
slays  and  building  stones  of  certain  western  central  counties 
tributary  to  Kansas  City.  Mr.  Haworth  concludes  that  the  rocks 
jf  the  iron  region,  granite  and  **  phorphyry,"  are  of  igneous 
origin,  and  this  makes  the  iron  ore  deposits  also  igneous.  As 
itated  in  the  Preface  to  the  Report,  Pumpelly,  in  his  survey  of 
bhe  region,  decided  that  the  rocks  and  ore  were  metamorphic. 

5.  Geological  Survey  of  Georgia,  First  Report  of  Progress, 
1890-91,  by  L.  W.  Spencbr,  State  Geologist.  128  pp.  8vo. — 
Phis  report,  after  observations  on  the  topography  of  the  State, 
treats  of  the  Cretaceous  and  Tertiary  formations,  presents  briefer 
QOtes  on  the  older  strata,  and  gives  some  account  of  phosphate 
beds  and  other  mineral  materials  of  economic  value. 
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6.  Geological  facts  on  Grand  River,  Labrador;  by  Arsiii 
Cakt.  TLe  following  note  is  to  be  added  to  the  sentence  onp. 
421  (line  14  from  top)  in  the  November  number. 

"  Our  nieafiuremeiitij  proving  wortl)lees  on  aeconnt  of  the  difi- 
cultit's  under  wliicb  they  were  taken,  the  smallest  estimate  midt 
by  the  party  on  tbe  qiot  was  given.  A  measurement  since  nude 
by  Mr.  Henry  G.  IliTant,  of  Philadelphia^  makes  the  height  «f 
tbe  fail  itltt  feet,  from  which  the  height  of  the  basin  wall  willnM 

The  adjective  "  gneissic  "  in  line  14  of  p.  4S0  should  be  erasrd. 
as  the  nature  of  tbu  rock  was  not  positively  determined. 

7.  Index  to  (he  known  Fo»sil  Intecta  of  the  World,  incluiling 
Mt/}-i<tf>ode  and  Arachnids;  by  S.  H.  Scuodkb.  Bull,  U.  S. 
Geol,  Surv.,  No.  71.  744  pp.  Washington,  1B91. — Contains  eiact 
references,  arranged  chronologically  nnder  each  species,  to  all  tb« 
scientific  publications  where  fossil  insects  are  described  and 
figuroil,  with  tbe  locality  and  horizon  of  each.  Tbe  catalogneii 
divided  intu  the  sectiunB,  Paleozoic,  Meso7.oic,  and  Cenozoic,  and 
the  classes  and  B[>ecicN  ajipear  alphabetically  under  the  variou 
orders.     An  index  of  generic  names  completes  the  work. 

8.  atones  for  Building  and  Deroratton  ;  by  Geokge  P. 
Merbiu..  458  pp.,  l?vo.  New  York,  1891.  (John  Wiley  4 
Sons), — There  are  few  subjects  of  more  general  interest  and 
about  which  it  is  at  the  same  time  more  difficult  to  obtain  nrecist 
Hcientitlc  information  than  that  of  Building  Stones.  Mr.  Merrill*! 
excellent  volume,  therefore,  fills  an  important  gap  and  shoald  be 
highly  valued  by  a  wide  range  of  readers.  The  l>ook  is  divided 
into  four  parts  of  which  the  first  gives  a  concise  account  of  the 
minerals  entering  into  building  stones,  the  physical  and  chemical 
properties  of  the  stones  and  their  distribution  in  the  United 
Slates,     The  second    part,  comprising  the   greater    part  of  the 

"  ■        ■  ■        th.  
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k  detailed  description  of  the  manganese  deposits  of  Arkansas, 
ollowed  by  those  of  other  parts  of  the  country.  The  final 
ihapter  deals  with  the  origin,  and  chemical  and  geological  rela- 
ions  of  manganese  deposits.  An  examination  of  the  volume 
ihows  that  the  author  has  done  his  work  with  great  thoroughness 
ind  the  large  amount  of  new  matter  relative  to  hitherto  little 
mown  deposits  with  the  numerous  analyses,  etc.,  give  the  work 
t  high  value  in  addition  to  that  which  it  has  as  a  convenient 
ligest  of  what  was  before  known  on  the  subject. 

III.     Botany. 

1.  Botanic  Gar(le7i8  in  the  I^juatorial  Belt  and  in  the  South 
Secu.  (Fifth  paper.) — In  all  the  gardens  hitherto  referred  to  in 
^his  series,  it  is  not  unusual  to  meet  with  plants  from  different 
>art6  of  Japan.  The  southern  portions  of  Japan  have  contributed 
slants  which  thrive,  or,  at  least,  can  be  made  to  jLi^row  even  in  the 
warmer  gardens  of  the  tropics,  while  in  the  hill  ganlens  of  the 
tropics  are  found  certain  species  from  the  colder  regions  of  the 
Empire.  It  may  therefore  not  be  out  of  place  for  this  series  to 
jlose  with  a  short  sketch  of  a  visit  to  Ja[)an  on  my  way  liome. 
The  spring  was  far  enough  advanced  to  give  me  a  glimpse  of 
lome  of  the  most  interesting  vernal  species,  but  not  sufficiently 
lo  to  present  the  Pieonies,  one  of  the  sjjecialties  of  Japan,  at 
Aeir  best. 

From  Woosung  it  is  a  run  of  less  than  two  days  to  the  straits 
\t  Shimonoseki,  where  the  ship  enters  the  Inland  Sea.  The  de- 
icriptions  of  this  famous  sheet  of  water  do  not  do  justice  to  its 
extraordinary  picturesqueness.  The  shores  and  the  water,  with 
their  ever  changing  scenes  of  interest,  kee]>  every  passenger 
attentively  employed  in  forming  contrasts  l)etween  these  and 
similar  scenes  in  other  countries.  It  was  worthy  of  note  that 
travelers  who  had  passe<l  many  times  over  this  sea,  did  not 
appear  to  have  exhausted  their  enthusiasm  in  regard  to  its  beauty 
in  any  way.  The  older  travelers  were  the  nuist  eager  to  point 
out  to  the  novices  the  more  striking  features  and  coml)inations. 

On  the  northern  shore,  we  (;ould  frequently  see  the  prepara- 
tions made  for  extending  the  railroad,  and  catch  now  and  then 
a  view  of  a  rigid  line  of  rail  contrasting  strangely  with  the 
^neral  air  of  the  place.  There  is  absolutely  nothing  which  can 
fairly  be  called  picturesque  in  or  around  the  railroad  stations, — 
except  the  people. 

The  port  of  Kobe  is  reached  in  twenty  hours  from  the  southern 
entrance  to  the  sea.  Ilyogo,  or  Hiogo  (pronounced  by  the  na- 
tires  almost  as  if  written  Shyogo),  lies  on  the  oj)posite  side  of  the 
river,  Minato-gawa,  and  is  the  native  [)art  of  the  double  town. 
Together,  the  two  towns  occupy  about  three  miles  along  the 
shore  and  are  alike  fortunate  in  having  a  charming  range  of  hills 
behind  to  increase  their  attractiveness.  The  tourist  loses  no  time 
in  leaving  his  ship  for  the  walk  or  the  jinrickisha  ride  up  the 
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most  easily  accessible  of  these  bills,  aod  here  the  n&tive  veffeti- 
tion  and  cultivated  land  are  on  every  side.  Bright  green  fields 
of  barley  and  golden  fields  of  ra]>e-plant8  appear  as  if  planted 
solely  for  decorative  purposes,  so  completely  do  they  adjott 
themselves  to  the  tone  of  the  landscape.  The  anipiUr  conifen 
seem  fnr  more  irregular  and  picturesque  than  even  the  most  con- 
torted on  our  Atlantic  coast.  It  is  instructive  to  correct,  or  at 
least  check,  thii  impression  by  a  strict  comparison  of  photogiapb) 
of  trees  having  somewhat  similar  port.  On  the  Maine  (xMst  one 
gan  find  specimens  of  Pinua  rigida  and  even  battered  exam)ile« 
of  JPintM  Strobvi  which  are  quite  as  grotesque  as  any  which  grow 
naturally  in  Japan,  but  it  is  out  of  the  question  to  find  in 
America  milen  after  miles  of  trees  which  do  not  regard  the  pro- 

firieticB  of  growth.  And  further,  in  Japan,  when  by  the  skill fol 
opping  off  of  a  branch  here  or  there,  the  grotesi^ne  effect  can  be 
heightened  in  a  tree  near  a  dwelling,  or  plainly  in  sight  of  one, 
such  artistic  pruning  is  pretty  apt  to  be  done. 

It  may  be  said  once  for  all  that  the  Japanese  give  a  naturalist 
to  understand  that  he  is  heartily  welcome  to  examine  their  plants 
to  any  extent,  and  even  the  poorest  classes  take  pleasure  in  afford- 
ing such  information  regarding  their  plants  as  may  be  in  their 
power.  All  are  very  lenient  in  regard  to  what  might  strictly  be 
called  trespassing  on  private  grounds.  Time  did  not  permit  me 
to  visit  any  of  the  gardens  in  Kobe,  for  it  was  desirable  to  retch 
Tokio  in  the  height  of  the  Cherry-blossom  season,  then  so  close 
at  hand.  Reserving  the  railroad  ride  for  another  occasion,  we 
went  by  steamer  to  Yokohama,  the  principal  port  of  Japan,  and 
did  not  again  arrive  in  the  vicinity  of  Kobe  until  some  weeks 
after.  By  thai  time  the  spring  transformation  was  complete. 
The  trees  then  had  much  the  appearance  of  ours  in  the  Atlantic 
states,  ni  Jinif. 
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merely  to  remind  intending  tourists  that  no  objitacles  are  now 
thrown  in  the  way  of  any  one  desiroas  of  exploring  the  Empire. 
In  fact,  it  may  be  said,  that  it  is  not  unnsual  to  find  even  in  out 
of  the  way  places,  people  who  are  anxious  to  give  any  assistance 
in  their  power  in  the  way  of  collecting,  and  of  preparing  desira- 
ble specimens.  The  means  of  communication  have  been  so  much 
improved  of  late  years  that  a  tourist  can  go  by  rail  from  Kobe, 
skirting  the  base  of  Fuji,  to  Yokohama,  with  great  comfort ;  or 
he  can  reach  Nikko  and  the  northern  port  of  the  lower  island 
with  great  facility.  At  any  of  the  points  designated  in  the  pass- 
port, the  tourist  can  find  a  convenient  center  for  local  explora- 
tion. 

In  Yokohama  itself  there  is  no  Botanic  (rarden,  but  there  are 
^ood  opportunities  in  and  around  tlie  city  for  examining  Japa- 
nese horticulture.  Some  of  the  establishments  are  large  and  well 
organized,  and  carry  a  very  heavy  stock,  while  some  of  the 
8maller  ones  are  interesting  on  account  of  their  specialties.  Few 
cultivated  plants  possess  more  interest  than  the  dwarfed  trees 
found  in  the  larger  Japanese  Gardens  and  frequently  used  as 
house  decorations.  The  extravagant  claims  made  as  to  the  great 
age  of  some  of  them  cannot  of  course  be  established  by  satisfac- 
tory evidence,  or,  for  that  matter,  successfully  contested  by 
skeptics.  In  no  case  of  a  potted  commercial  plant  did  I  hear  a 
^ijeater  antiquity  claimed  than  six  hundred  years  ;  but  it  is  said 
that  in  some  of  the  gardens  of  the  nobles,  ])lants  much  older  than 
this  can  be  found.  Dwarfed  trees  are  pointed  out  in  one  of  the 
larger  gardens  in  Tokio,  which  are  claimed  to  go  nearly  up  to 
the  age  of  a  thousand  years.  After  one  has  carefully  examined 
the  very  slight  growth  made  each  year  and  has  noted  the  extra- 
ordinary painstaking  and  skill  with  which  every  needless  bud  has 
been  removed,  it  seems  almost  ungracious  to  refuse  to  accept  the 
unwritten  history.  The  methods  l>y  which  plants  are  dwarfed 
has  been  clearly  explained  in  many  works,  and  generally  with 
correctness,  but  a  brief  mention  of  the  j)ractice  in  commercial 
gardens  may  be  useful. 

First  of  all,  good  subjects  for  experimenting  are  selected,  and, 
from  the  outset,  these  are  placed  under  favorable  conditions  for 
slow  development.  All  buds  which  can  be  spared  are  taken  off 
with  great  care,  and  the  root-system  is  brought  within  as  narrow 
compass  as  possible.  In  a  few  of  the  cases  which  were  shown  me 
by  the  nurseryman  who  gave  me  instruction,  the  amount  of  root- 
surface  retained  was  ludicrously  inadequate  to  supply  the  most 
moderate  demands  of  a  healthy  plant.  And,  yet,  the  plants  in 
question  were  sufficiently  vigorous  to  present  an  unfailing  crop 
of  bright  foliage  every  year.  The  buds  are  reduced  in  number 
beyond  what  one  might  regard  as  safe  limits  for  a  healthy  plant, 
and  thus  the  dwarfed  plant,  crippled  above  and  below,  becomes 
almost  a  pathological  specimen.     But  experience  shows  abund- 
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antly,  that  the  few  phytomera  which  are  left,  are  ample  to  pro- 
tect the  organiem  against  ordinary  perils.  The  prices  asked  for 
the  best  spfcimeiiB  varied  from  forty  to  one  hundred  dollan, 
(Mexican),  these  plants  being  thrifty,  clean,  pictnreaqae,  and  verv 
old,  say  from  two  lo  three  hundred  years.  Dwarfed  flowering 
plants,  such  as  cherries,  magnolias,  and  the  like,  varying  from 
fifteen  to  fiftv  years,  could  be  had  for  about  thirty  dollan. 
These  prices  differ  widely  in  different  places,  and  it  ie  impossibU 
to  state  any  averages. 

Larger  trees  pruned  into  flat  shapes,  and  encouraged  to  grov 
only  horizontally,  are  common,  and  are  among  the  most  interest- 
ing specimens  of  topiary  work  in  the  world.  The  most  remark- 
able one  likely  to  be  seen  by  the  tourist  is  that  at  Lake  Biwa, 
about  ten  miles  from  Kioto.  Here  at  Karasaki,  near  Otsu,  is  the 
immense  and  very  old  Pine  tree,  which  is  trained  horizontally,' 
and  extends  over  a  considerable  area,  with  its  flat  branches  sup- 
ported on  pillars  and  poles.  Japanese  traditions  assign  to  thie 
tree  an  exceedingly  great  age.  It  should  be  said  in  passing,  that 
the  practice  of  training  also  fruit  trees  on  flat  trellises  is  much  in 
vogue.  It  imparts  to  the  trees,  when  one  looks  down  on  them 
from  a  slight  elevation,  precisely  the  impression  that  they  are 
vines  of  some  sort,  grown  for  whade  rather  than  for  fruit.  Good 
examples  of  this  method  are  to  be  seen  near  Yokohama. 

At  the  time  of  my  visit  to  Tokio,  the  cherry-blossoms  were  in 
perfection.  In  certain  parts  of  the  city  and  the  suburbs  tbe 
streets  were  thronged  by  Japanese  who  were  enjoying  the  profn- 
sion  of  delicate  coloring  which  clothed  the  leafless  trees.  The 
blossoms  most  in  favor  were  the  pink  cherries  and  the  pure  white 
plums.  The  term  "pink,"  usually  and  naturally  applied  to  the 
cherry  blossoms  of  Japan,  does  them  injustice  :  the  tint  is  rather 
that  of  the  most  delicate  "rose-madder."     After  seeing  the  blofr 
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Btmck  me  that  there  was  ahandant  evidence  of  a  lack  of  funds 
for  the  proper  care  of  the  garden  :  retrenchment  has  been  carried 
too  far  m  this  interesting  place.  The  collection  of  plants  ilhis- 
tratiye  of  systematic  botany  is  large,  and  many  of  the  specimens 
well-grown.  This  seemed  to  be  particularly  true  of  the  foreign 
species.  There  were  excellent  examples  of  trained  trees,  and  in 
some  parts  of  the  grounds,  the  characteristic  landscape  garden- 
ing had  yielded  good  results.  The  management  of  the  conifers 
was  especially  noticeable. 

A  small  fee  is  charged  for  admission  to  the  garden.  The 
grounds  are  said  to  be  much  frequented  at  certain  times.  Oq 
the  occasion  of  my  visit,  there  were  few  visitors  :  this  was  prob- 
ably due  to  the  fact  that  the  exhibition  of  blossoming  trees  in 
the  vicinity  of  the  temples  was  far  finer  in  every  respect,  than 
that  which  the  garden  could  present. 

A  careful  search  through  various  horticultural  establishments, 
as  well  as  my  study  of  the  Imperial  garden  at  Chokubutsu,  has 
satisfied  me  that  there  are  many  more  attractive  plants  yet  to  be 
brought  from  Japan  to  our  country.  Most  of  them,  to  be  sure, 
have  been  already  noticed  in  the  horticultural  journals,  but  they 
have  not  received  the  attention  which  thev  deserve.  Some  of 
the  dwarfed  flowering  shrubs  and  trees  would  certainly  prove 
most  acceptable  for  house  decoration,  while  the  early  flowering 
trees  of  large  size  merit  a  thorough  trial  in  the  middle  States  of 
our  Union. 

Answering  a  question  which  has  been  often  asked,  it  will  be 
well  to  mention  the  ease  and  rapidity  with  which  a  tourist  can 
visit  the  famous  locality,  Nikko.  Of  the  temples  there  it  is  not 
necessary  to  speak,  but  the  groves  of  conifers  which  surround 
them  must  be  alluded  to.  These  are  of  great  size  and  of  sym- 
metrical port.  Many  of  them  are  arranged  effectively  in  and 
around  the  temple  grounds,  but  those  which  are  of  highest 
interest  are  the  magnificent  specimens  which  constitute  the  miles 
upon  miles  of  shaded  avenues.  This  locality  which  formerly 
required  a  long  and  tedious  jinrickisha  ride,  can  now  be  reached 
in  less  than  a  day's  journey  from  Tokio.  In  closing,  it  must  be 
confessed  that  the  new  railroads  in  Japan,  which  it  may  well  be 
claimed  have  destroyed  much  of  the  peculiar  charm  of  the 
Empire,  have  rendered  accessible  to  many  naturalists,  localities 
which  otherwise  thev  could  not  have  found  time  to  studv. 

In  bringing  to  an  end  this  short  series  of  sketches  of  a  long 
journey,  I  must  be  pardoned  for  calling  attention  again  to  the 
extraordinary  fact  that  the  newly  settled  countries  of  the  South 
Seas  and  the  newly  awakened  people  of  the  Orient  have  hastened 
to  provide  themselves  with  appliances  for  research  and  instruc- 
tion in  Natural  History  on  a  scale  which  should  put  to  blush 
some  of  our  communities.  There  is,  as  we  have  seen  in  earlier 
numbers  of  this  series,  hardly  a  large  town  in  Australasia  which 
does  not  possess  a  good  Botanic  Garden  or  a  Natural  History 
Museum,  or  both.     Even  in  places  which  do  not  have  a  Botanic 
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(jarden,  properly  eo-oalled,  there  is,  aa  in  DonediD,  in  New 
Zealand,  and  Geelong,  in  Victoria,  a  i>ublic  garden,  in  which  i 
good  deal  of  attention  is  given  tu  the  exhibition  of  native  planU. 
Can  there  be  any  valid  excuse  nrged  by  the  young  and  flourish- 
ing cities  of  our  own  country  for  not  providing  for  the  pahlio, 
these  simple  and  useful  means  for  popular  instruction  ? 

To  serve  as  a  basis  for  comparison  with  our  own  communitiei 
it  is  thought  best  to  subjoin  a  few  statistics  relative  to  popnlation 
taken  from  Ilttbner's  Statistisehe  Tabellen.  The  figures  apj>lr 
to  the  towns  and  cities  of  which  mention  has  been  made  in  tbe 
sketches. 

Melbourne  and  suburbs 410,000 

Sydney 357,000 

A'delaide 128,000 

Auckland  ...   87,000 

Dunedin    46,000 

Cbristchurch 45,000 

Brisbane 74,0o0 

Wellington. 28,000 

Hobart 25,000 

Geelong 21,000 

These  figures,  which  are  only  approximate,  correspond  very 
nearly  to  those  given  in  the  latest  Australian  Year-Book  (1890) 
accessible  to  me.  Hilbner's  data  are  j)referred,  because  the  year- 
book does  not  add  in  the  population  of  the  suburbs  of  some  of 
the  cities.     In  fairness,  these  should  be  included. 

It  would  seem  that  many  of  our  American  cities  and  towDS 
have  much  to  learn  from  these  smaller  commnntties  in  the  islands 
of  the  South  Seas,  G.  l.  g. 
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different  observers  to  range  from  1*13  to  1*24.  The  results  of 
the  analysis  are  given  below,  together  with  comparative  figures 
showing  the  composition  (average  of  several  analyses)  of  the 
water  of  the  Dead  Sea  and  that  of  concentrated  sea  water  from 
Kakaako  salt  works.  The  figures  represent  in  each  case  the 
quantity  in  grains  of  the  ingredient  contained  in  one  wine  gallon 
of  the  water  : 

GoBcen* 
Suit  Lake.       Dead  8«a.     trated  Se«  Water. 
Grain*.  Oraint.  Oraint. 

Chloride  of  sodium 6.989  6, 1 37  13.239 

Chloride  of  calcium 7,742  2,077  absent 

Chloride  of  magnesium 7,790  8.235  3,779 

Bromide  of  magueRium 99  208  67 

Sulphate  of  magnesium absent  absent  2,478 

Sulphate  of  calcium 34  58  22 

Chloride  of  potas-sium 156  736  534 

Total  solids 22,810  16,451  20,109 

Weight  of  one  gallon  (approxi- 
mate)          73.044  68.900  72,180 

The  most  remarkable  peculiarity  of  the  water  is  the  excessive 
iiuantity  of  calcium  chloride,  the  large  amount  of  magnesium 
chloride  and  the  absence  of  magnesium  sulphate.  Part  of  the 
lime  as  well  as  the  magnesia  may  have  been  supplied  by  the 
tufa ;  but  there  is  a  ledge  of  coral-reef  rock  on  one  side. 

2.  National  Academy  of  Sciences. — The  following  is  a  list 
of  papers  accepted  for  reading  at  the  meeting  of  the  Academy 
held  at  New  York,  Nov.  10-12  : 

G.  L.  GooDALE :  Some  aspects  of  Australian  vegetation.  The  nomenclature  of 
vegetable  histology. 

C.  S.  Hastings  :  Certain  new  methods  and  results  in  optics. 

T.  C.  Mendenhall:  Kxliibition  of  the  now  penduhmi  apparatus  of  the  U.  S. 
Coast  and  Geodetic  Survev.  with  some  results  of  its  use.  The  use  of  a  free 
pendulum  as  a  tunc  sUindard 

K.  D.  CToPE:   Degenerate  types  of  scapula  an<l  pelvic  arches  in  the  Lacertilia. 

T.  B.  Osbornk:  The  protiMcis  or  albuminoids  of  the  oat-kernel — second  paper. 

C.  S.  Peirce:   Astronomical  methods  of  determining  the  curvature  of  space. 

J.  A.  Allkn:  Geojirraphical  variation  auionf?  Xorth  American  birds,  considered 
in  relation  to  the  peculiar  intcrj^radat ion  of   Coloptas  Anratu.H  and  C  Caft^r. 

S.  0.  Chandler:  The  variation  of  latitiide. 

a  H.  ScuDDEU:  The  Tertiarv  Rhvnchitidae  of  the  United  States. 

O.  N.  Rood  :    A  color  system. 

J.  K.  Rkes:   Treliminary  notice  of  the  reduction  of  Rutherford's  photographs. 

H.  A.  Rowland:  The  application  of  spectrum  analysis  to  the  analysis  of  the 
rare  earths,  and  a  new  method  for  the  preparation  of  pure  yttrium. 

TiiEO.  Gill:   A  nomenclator  of  the  famihes  of  fishes. 

A.  A.  MlciiKL»)N:  Measurement  of  Jupiter's  satellites  by  interference. 

W.  K,  Brooks:  The  follicle  cells  of  Sal  pa. 

3.  The  Metal  Worker:  Essays  on  House  Heating  by  steam, 
hot  water  and  hot  air  with  introduction  and  tabular  compari- 
sons.  Arranged  for  publication  by  A.  ().  Kittrkdgk.  New 
York.  288  pp.  8vo.  1891  (David  Williams). — This  volume 
contains  a  number  of  essays  by  a  variety  of  writers  called  out  by 
a  series  of  prize  competitions  established  b}'  ''The  Metal  Worker" 
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in  1BF18.  Th«^y  discQBS,  from  a  tliorougbly  practical  sUodpaiiit, 
the  various  forms  of  beating  in  use  with  illaatrations,  uWir 
BtatementB  of  cost  and  so  on  and  thus  give  the  reader  &  vide 
range  of  information  on  a  subject  of  prime  importance. 

Tbe  Four  Rookx,  with  Walks  and  Drives  about  New  HaTeo;  bj  Jamei  t. 
Dana.  120  pp.  Hvo.  with  7  jduioB.  Sew  Haren,  Sept  1891.  |E.  P.  Jnddl-Ila 
liLtle  lx)ok  couUiins  llio  autlior's  paper  iu  tbe  early  part  uf  this  volume,  utdib 
eighty  p^jes  of  inatrucliims  (teologiCBl  Doles,  etc,  with  reganl  to  indtt  ml 
drivea  within  twenty  miles  ol  Sew  llaven. 

Coportiic  at  la  dceouverte  dii  Syal^tiie  du  Monde,  par  CaraiJIe  Flaouauun.  lit 
pp.  12 mo.     Pari»  (Marpon  et  Ftaninuirion) 

Systematic  list  of  the  British  Oti^m>eDe  Eocene  Molluscs  of  tbe  F>  E.  Ednrii 
Collectioti  io  the  British  Museum,  liy  K.  B.  Scwloii.  F.Q.S.     366  pp.  fivo.    Lradw. 

TranSHetitins  ot  the  Kansas  Academy  of  Science,  vol.  xii  1889-90.  Topeli 
1S90.— Prof.  S.  \V.  Williston  gives  flguros  of  the  complete  skull  aod  a  cerroi 
vertebra  of  his  new  (.'retaccous  Plesiosaur  (OimollMaunis  Snowii)  from  tbe  .Vi» 
brara  Cretaceous  of  Weplern  KjiQiiaB,  on  pp.  174,  I7G. 

Stratigraphy  of  the  Bitumiuoiis  Coat  Field  of  Pennsylvania  nnd  We«  Virpcia 
by  I.e.  White.  212  pp.  «vo,  with  a  map  nnd  aeclioos,  U.  S.  Gtol.  Survet  Bulb- 
tin.  So  fia.  Washinittoa,  18)11. 

Tbe  Uedi terra neati  Naturalist,  a  monthly  Journal  of  Xatural  Science,  edited  be 
J.  H.  Cooke,  K.G.S..  at  Malta.— So  1  of  this  luonthly  of  12  to  16  pages  wi 
issued  June  1,  1891.  Price  5  shillings  u  year,  AddreHS.  the  editor  at  tbe  Lvoenm. 
UaltH.  In  numher  2.  a  paper  on  tbe  geology  of  the  Ualta  IsLinds  by  tbe  editor 
is  commenced. 

Progress  Iteport  on  Irrigation  In  the  United  States,  under  the  directim  oi 
tbe  Secretary  of  Agriculture:  Artesian  undcrSow  and  Irrigntiou  Inveatigaliai. 
Part  t  by  K.  .1.  If ikton.  :m  pp.  Nvo  :  Part  IL  with  maps  sud  profiles,  by  £.  i 
Nbttlktox,  Chief  Engineer  of  the  Incest igation.     Washington.  1(191. 

OBITUARY. 

Francis  Williams.  Assistant   Professor  of   Geologr  ind 


Mineralof;y  in  (.Cornell  University,  died  at   Ithaca, 
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